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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a vehicle drive
train and to a method of shifting a tandem drive axle for
the vehicle drive train having an inter-axle differential
from a first operating state to a second operating state.

BACKGROUND OF THE INVENTION

[0002] Vehicles incorporating tandem drive axles ben-
efit in many ways over vehicles having a single driven
axle. Inter-axle differentials in such vehicles may be con-
figured to distribute torque proportionately or dispropor-
tionately between the axles. Additionally, shift mecha-
nisms may be provided to such vehicles to permit the
disengagement of one of the driven axles or to transition
from single axle operation to tandem axle operation,
among other benefits. However, such versatility typically
requires the incorporation of additional drive train com-
ponents into the vehicle at added expense and weight.
Such added weight results in a decreased fuel efficiency
of the vehicle.
[0003] Components of the tandem drive axle may also
be selected based on a gear reduction ratio present in
an axle. Axle ratios may be of a two-speed configuration
to permit the vehicle to operate in a low speed and high
torque manner or in a high speed and low torque manner.
It is preferred to drive both axles when the low speed and
high torque manner of operation is desired (to distribute
the higher torque amongst a greater number of wheels)
and it is advantageous to operate a single axle when the
high speed and low torque manner of operation is desired
(to decrease windage and frictional losses when torque
distribution is of lower concern). However, incorporation
of both the two-speed configuration, an axle disconnect
function, and the inter axle differential may be prohibitive
with respect to cost and weight. Such added weight, wind-
age losses, and frictional losses result in a decreased
fuel efficiency of the vehicle.
[0004] Additionally, when components are provided to
permit the disengagement of one of the driven axles or
to transition from the vehicle from single axle operation
to tandem axle operation, a complexity of the tandem
drive axle is increased. Typically, such operations may
require manual engagement by an operator when spe-
cific conditions are present or may require the operator
to stop the vehicle to engage specific components. Such
features, while providing additional functionality to the
vehicle, may not be properly implemented by the operator
or may not be used at all by the operator. When such
features are not properly implemented, a shift from one
operating state to another may result in damage to the
tandem drive axle or a rough shift, either of which typically
result in a dissatisfaction of the operator.
[0005] Japanese patent application JP8337125A re-
lates to a vehicle equipped with two rear axles for driving

wheels. An inter-axle differential 10 used for receiving
power from a transmission and then transmitting the pow-
er to a rear fore axle 51 and a rear aft axle 54 has an
input shaft 11 and a power transmission shaft 12. A drive
gear 13 to gear with a drive pinion 34 of a front differential
31 is loosely coupled to the input shaft 11. An inter-dif-
ferential 14 is also provided for transmitting rotation of
the input shaft 11 to a drive pinion 42 of a rear differential
32 via the power transmission shaft 12. Clutches 15, 16
connect and disconnect the inter-differential 14 to and
from the drive gear 13 and the transmission shaft 12.
[0006] The presently claimed subject matter differs
from the driveline according to JP8337125A in that a sin-
gle clutching device having three positions performs the
functions of the two clutching devices 15, 16 according
to JP8337125A, each of which have two positions. The
presently claimed subject matter further differs from
JP8337125A in that a rotational force is applied to the
input of a power distribution unit, the rotational force
transferred to the power distribution unit being adjusted
to facilitate moving the clutching device between posi-
tions.
[0007] It would be advantageous to develop a method
of shifting a tandem drive axle system from a low speed
and high torque tandem axle manner of operation to a
high speed and low torque single axle manner of opera-
tion that reducers windage and frictional losses and fa-
cilitates improved shifting from one operating state to an-
other without excessively increasing a cost and a weight
of the tandem drive axle.

SUMMARY OF THE INVENTION

[0008] Presently provided by the invention, a method
of shifting a tandem drive axle system from a low speed
and high torque tandem axle manner of operation to a
high speed and low torque single axle manner of opera-
tion as defined by the features of claim 1 that reduces
windage and frictional losses and facilitates improved
shifting from one operating state to another without ex-
cessively increasing a cost and a weight of the tandem
drive axle, has surprisingly been discovered.
[0009] In one embodiment, the present invention is di-
rected to a method of shifting a power distribution unit
for a vehicle from a first operating state to a second op-
erating state. The method includes the steps of drivingly
engaging a first axle assembly with a first output of the
power distribution unit and drivingly engaging a second
axle assembly with a second output of the power distri-
bution unit. Next, the method includes the step of drivingly
engaging an input of the power distribution unit with an
output of a power source, the power distribution unit in-
cluding an inter-axle differential, the first output, the sec-
ond output, and a first clutching device having a first po-
sition and a second position, the first clutching device in
the first position locking the inter-axle differential, engag-
ing the first output with the input of the power distribution
unit, and disengaging the second output from the inter-
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axle differential, the first clutching device in the second
position unlocking the inter-axle differential and engaging
the first output and the second output with the inter-axle
differential. Next, the method includes the steps of plac-
ing the first clutching device in one of the first position
and the second position and applying a rotational force
to the input of the power distribution unit. Next, the meth-
od includes the steps of adjusting the rotational force
transferred to the power distribution unit to facilitate mov-
ing the first clutching device and moving the first clutching
device from one of the first position and the second po-
sition to a third position, the first clutching device in the
third position neither locking the inter-axle differential nor
engaging the second output with the inter-axle differen-
tial. Lastly, the method includes the steps of adjusting a
rotational speed of the input of the power distribution unit
to facilitate moving the first clutching device from the third
position, moving the first clutching device from the third
position to one of the first and second positions, and ad-
justing the rotational force transferred to the power dis-
tribution unit.
[0010] Various aspects of this invention will become
apparent to those skilled in the art from the following de-
tailed description of the preferred embodiment, when
read in light of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The above, as well as other advantages of the
present invention, will become readily apparent to those
skilled in the art from the following detailed description
when considered in the light of the accompanying draw-
ings in which:

FIG. 1 is a schematic view of a tandem drive axle
system including a power distribution unit according
to an embodiment of the present invention;
FIG. 2 is a chart illustrating a first example of shifting
the power distribution unit from a first operating state
to a second operating state;
FIG. 3 is a chart illustrating a second example of
shifting the power distribution unit from the first op-
erating state to the second operating state;
FIG. 4 is a chart illustrating a third example of shifting
the power distribution unit from the first operating
state to the second operating state;
FIG. 5 is a chart illustrating a first example of shifting
the power distribution unit from the second operating
state to the first operating state; and
FIG. 6 is a schematic view of a tandem drive axle
system including a power distribution unit according
to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0012] It is to be understood that the invention may
assume various alternative orientations and step se-
quences, except where expressly specified to the con-

trary. It is also to be understood that the specific devices
and processes illustrated in the attached drawings, and
described in the following specification are simply exem-
plary embodiments of the inventive concepts defined in
the appended claims. Hence, specific dimensions, direc-
tions or other physical characteristics relating to the em-
bodiments disclosed are not to be considered as limiting,
unless the claims expressly state otherwise.
[0013] FIG. 1 illustrates a drive axle system 10 for a
vehicle having a power source 11. The drive axle system
10 preferably includes a power distribution unit 12, a first
axle assembly 14, and a second axle assembly 16. The
drive axle system 10 is drivingly engaged with a power
source 11. As shown, the drive axle system 10 includes
the three assemblies 12, 14, 16, but it is understood the
drive axle system 10 may include fewer or more assem-
blies or components.
[0014] The power source 11 is drivingly engaged with
an input shaft 18 of the power distribution unit 12, and
applies power thereto. The power source 11 is, for ex-
ample, an internal combustion engine; however, it is un-
derstood that the power source 11 may include an electric
motor or another source of rotational output. It is under-
stood that the power source 11 may be a hybrid power
source including both an internal combustion engine and
an electric motor. Further, it is understood that the power
source 11 may include a transmission (not shown) as
known in the art. Further, it is understood that the power
source 11 may include a clutch (not shown) as known in
the art, for one of reducing and interrupting a rotational
force transferred to the power distribution unit 12.
[0015] The power distribution unit 12 includes an input
shaft 18, an inter-axle differential 19, a first output gear
20, a plurality of driving pinions 21, a transfer shaft 22, a
second output gear 24, and a clutch 28. Preferably, the
components 18, 19, 20, 21, 22, 24, 28 are formed from
a hardened steel, however the components 18, 19, 20,
21, 22, 24, 28 may be formed from any other rigid mate-
rial. As shown, power distribution unit 12 includes the
seven components 18, 19, 20, 21, 22, 24, 28 disposed
in a housing 30 but it is understood the power distribution
unit 12 may include fewer or more components.
[0016] The input shaft 18 is at least partially disposed
in the housing 30. Preferably, the input shaft 18 is an
elongate member, however the input shaft 18 may be
any other shape. Bearings 32 disposed between the input
shaft 18 and the housing 30 permit the input shaft 18 to
rotate about an axis of the input shaft 18. The input shaft
18 has a first end portion 33, a middle portion 34, and a
second end portion 35.
[0017] The middle portion 34 has a diameter greater
than a diameter of the first end portion 33. The middle
portion 34 is a substantially disc shaped body drivingly
coupled to the input shaft 18. Alternately, the middle por-
tion 34 may be integrally formed with the input shaft 18.
[0018] The second end portion 35 is a substantially
hollow body having a diameter greater than a diameter
of the first end portion 33 and the middle portion 34. The
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second end portion 35 is drivingly coupled to the middle
portion 34. Alternately, the second end portion 35 may
be integrally formed with the input shaft 18 and the middle
portion 34. The second end portion 35 has a pinion carrier
36, a first set of clutch teeth 37, and an engagement
portion 38 formed thereon.
[0019] The pinion carrier 36 is a substantially disc
shaped body drivingly coupled to the second end portion
35 of the input shaft 18. The pinion carrier 36 includes a
plurality of pinion supports 39 protruding from a first side
of the pinion carrier 36 into the second end portion 35 of
the input shaft 18. The engagement portion 38 is formed
on a second side of the pinion carrier 36. As is known in
the art, the pinion carrier 36 is also known as a planet
carrier.
[0020] The engagement portion 38 is a conical surface
oblique to the input shaft 18, however, the engagement
portion 38 may have any other shape. The first set of
clutch teeth 37 are formed on the pinion carrier 36 radially
inward from the engagement portion 38.
[0021] The inter-axle differential 19 includes the pinion
carrier 36, the plurality of driving pinions 21, the first out-
put gear 20, and the transfer shaft 22. The inter-axle dif-
ferential 19 is a planetary differential as known in the art;
however, it is understood that the inter-axle differential
19 may be a bevel gear differential or any other type of
differential.
[0022] The plurality of driving pinions 21 are rotatably
disposed on the pinion supports 39 of the pinion carrier
36. Each of the driving pinions 21 have gear teeth formed
on an outer surface thereof. As is known in the art, each
of the driving pinions 21 is also known as a planet gear.
Preferably, bearings are disposed between each of the
driving pinions 21 and the pinion supports 39, however,
the driving pinions 21 may be directly mounted on the
pinion supports 39.
[0023] The first output gear 20 is a gear concentrically
disposed within the second end portion 35 of the input
shaft 18. The first output gear 20 is a substantially cup
shaped body having an inner surface having gear teeth
40 formed on. As is known in the art, the first output gear
20 is known as a ring gear. The gear teeth 40 are engaged
with the gear teeth formed on the outer surface of each
of the driving pinions 21.
[0024] The first output gear 20 includes an output shaft
41 drivingly coupled thereto. Alternately, the first output
gear 20 may be integrally formed with the output shaft
41. The first output gear 20 is drivingly engaged with the
first axle assembly 14 through the output shaft 41. The
output shaft 41 is collinear with the input shaft 18. Bear-
ings 32 disposed between the output shaft 41 and the
housing 30 support the output shaft 41 and permit the
output shaft 41 to rotate about an axis of the output shaft
41.
[0025] A bevel gear pinion 42 is drivingly coupled to
the output shaft 41 opposite the first output gear 20. Al-
ternately, the bevel gear pinion 42 may be integrally
formed with the output shaft 41. As is known in the art,

the bevel gear pinion 42 has gear teeth formed on an
outer surface thereof. The bevel gear pinion 42 may be
one of a hypoid gear, a spiral bevel gear, a straight bevel
gear, or any other gear known to those skilled in the art.
[0026] The transfer shaft 22 is a hollow shaft rotatably
disposed in the housing 30 and having an axis of rotation
concurrent with the axis of rotation of the input shaft 18.
Preferably, the transfer shaft 22 is a hollow elongate cy-
lindrical member, however the transfer shaft 22 may be
any other shape. Bearings may be disposed between the
transfer shaft 22 and pinion carrier 36 to permit the trans-
fer shaft 22 to rotate about an axis of the transfer shaft
22. The transfer shaft 22 has a first end portion 43 having
a first set of clutch teeth 44 formed on an outer surface
thereof, and a second end portion 45, having a second
set of gear teeth 46 formed on an outer surface thereof.
[0027] The first end portion 43 and the second end
portion 45 are integrally formed with the transfer shaft
22. The first set of clutch teeth 44 and the second set of
gear teeth 46 are formed in the transfer shaft 22. Alter-
nately, the first end portion 43 and the second end portion
45 may be formed separate from and drivingly coupled
to the transfer shaft 22. As is known in the art, the second
end portion 45 having the gear teeth 46 is known as a
sun gear. The second set of gear teeth 46 are engaged
with the plurality of driving pinions 21 and the first set of
clutch teeth 44 are disposed adjacent the first set of clutch
teeth 37 of the pinion carrier 36. The first portion 43 of
the transfer shaft 22 may be selectively engaged with the
second output gear 24 or the pinion carrier 36.
[0028] The second output gear 24 is a gear concentri-
cally disposed about a portion of the transfer shaft 22.
The second output gear 24 has a central perforation hav-
ing a diameter greater than a diameter of the transfer
shaft 22. The second output gear 24 is a substantially
disc shaped body having a first end portion 47, a second
end portion 48 defining an outer diameter of the second
output gear 24, and an engagement portion 49. Bearings
32 disposed between the second output gear 24 and the
housing 30 permit the second output gear 24 to rotate
about an axis of the second output gear 24. The axis of
the second output gear 24 is concurrent with the axis of
the input shaft 18. A first set of clutch teeth 50 are formed
on the first end portion 47 adjacent the first set of clutch
teeth 44 of the transfer shaft 22. A second set of gear
teeth 51 are formed on the second end portion 48. The
second output gear 24 is drivingly engaged with the sec-
ond axle assembly 16.
[0029] The engagement portion 49 is formed in the
second output gear 24 intermediate the first end portion
47 and the second end portion 48. As shown, the en-
gagement portion 49 is a conical surface oblique to the
input shaft 18; however, the engagement portion 49 may
have any other shape.
[0030] The clutch 28 is a shift collar concentrically dis-
posed about the transfer shaft 22. The clutch 28 includes
a set of inner clutch collar teeth 52 formed on an inner
surface thereof, a first synchronizer 53, and a second
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synchronizer 54. The set of inner clutch collar teeth 52
are engaged with the first set of clutch teeth 44 of the
transfer shaft 22. The clutch 28 can be slidably moved
along the axis of the input shaft 18 as directed automat-
ically by a controller 55 while maintaining engagement
of the inner clutch collar teeth 52 and the first set of clutch
teeth 44. A shift fork 56 disposed in an annular recess
formed in the clutch 28 moves the clutch 28 along the
axis of the input shaft 18 into a first position, a second
position, or a third position. A first actuator 57, which is
drivingly engaged with the shift fork 56, is engaged to
position the shift fork 56 as directed by the controller 55.
Consequently, the shift fork 56 positions the clutch 28
into the first position, the second position, or the third
position. In the first position, the inner clutch collar teeth
52 of the clutch 28 are drivingly engaged with the first set
of clutch teeth 44 of the transfer shaft 22 and the first set
of clutch teeth 37 of the pinion carrier 36. In the second
position, inner clutch collar teeth 52 of clutch 28 are driv-
ingly engaged with the first set of clutch teeth 44 of the
transfer shaft 22 and the first set of clutch teeth 50 of the
second output gear 24. In the third position, the inner
clutch collar teeth 52 of the clutch 28 are only drivingly
engaged with the first set of clutch teeth 44 of the transfer
shaft 22. It is understood the clutch 28, the clutch teeth
37, 44, 50, 52, the synchronizers 53, 54, and the engage-
ment portions 38, 49 may be substituted with any clutch-
ing device that permits selective engagement of a driving
and a driven part.
[0031] The first synchronizer 53 is an annular body
coupled to the clutch 28 adjacent the engagement portion
38 of the pinion carrier 36. The first synchronizer 53 has
a first conical engagement surface 58. Alternately, the
first synchronizer 53 may have an engagement surface
having any other shape. When the clutch 28 is moved
from the third position towards the first position, the first
conical engagement surface 58 contacts the engage-
ment portion 38 of the pinion carrier 36, causing the clutch
28 to act upon the pinion carrier 36. When the clutch 28
is moved further towards the first set of clutch teeth 37
of the input shaft 18, the clutch continues to act upon the
pinion carrier 36 as the inner clutch collar teeth 52 be-
come drivingly engaged with the first set of clutch teeth
44 of the transfer shaft 22 and the first set of clutch teeth
37 of the pinion carrier 36.
[0032] The second synchronizer 54 is an annular body
coupled to the clutch 28 adjacent the first end portion 47
of the second output gear 24. The second synchronizer
54 has a second conical engagement surface 59. Alter-
nately, the second synchronizer 54 may have an engage-
ment surface having any other shape. When the clutch
28 is moved from the third position into the second posi-
tion, the second conical engagement surface 59 contacts
the engagement portion 49 of the second output gear 24,
causing the clutch 28 to act upon the second output gear
24. When the clutch 28 is moved further towards the first
set of clutch teeth 50 of the second output gear 24, the
clutch 28 continues to act upon the second output gear

24 as the inner clutch collar teeth 52 become drivingly
engaged with the first set of clutch teeth 44 of the transfer
shaft 22 and the first set of clutch teeth 50 of the second
output gear 24.
[0033] The first axle assembly 14 includes the bevel
gear pinion 42, a first driving gear 60, a first wheel differ-
ential 61, and a first pair of output axle shafts 62. Pref-
erably, the components 42, 60, 61, 62 are formed from
a hardened steel, however the components 42, 60, 61,
62 may be formed from any other rigid material. As
shown, the first axle assembly 14 includes the four com-
ponents 42, 60, 61, 62 disposed in a first axle housing
63 but it is understood the first axle assembly 14 may
include fewer or more components.
[0034] The first driving gear 60 is coupled to a housing
of the first wheel differential 61 by a plurality of fasteners
or a weld and is rotatable about an axis of the first pair
of output axle shafts 62 within the first axle housing 63.
Alternately, the first driving gear 60 may be integrally
formed with the first wheel differential 61. As is known in
the art, the first driving gear 60 has gear teeth formed on
an outer surface thereof. The first driving gear 60 may
be one of a hypoid gear, a spiral bevel gear, a straight
bevel gear, or any other gear known to those skilled in
the art. The first driving gear 60 is drivingly engaged with
the bevel gear pinion 42 and has a first gear ratio. As a
non-limiting example, the first gear ratio may be a 2.26:1
ratio, but it is understood that other ratios may be used.
The output shaft 41 is drivingly engaged with the first
driving gear 60 of the first axle assembly 14 through a
single gear mesh.
[0035] The first wheel differential 61 is a bevel gear
style differential as is known in the art having a plurality
of driving pinions and a pair of side gears drivingly en-
gaged with the first pair of output axle shafts 62. The first
wheel differential 61 is rotatably disposed within the first
axle housing 63 about the axis of the first pair of output
axle shafts 62. Alternately, other styles of differentials
may be used in place of the first wheel differential 61.
[0036] The first pair of output axle shafts 62 are elon-
gate cylindrical members having a common axis rotatably
mounted within the first axle housing 63. Bearings 32
disposed between the first pair of output axle shafts 62
and the first axle housing 63 permit the first pair of output
axle shafts 62 to rotate therein. The side gears of the first
wheel differential 61 are disposed on first ends of each
of the first output axle shafts 62 and wheels (not shown)
are disposed on second ends of each of the first output
axle shafts 62.
[0037] The second axle assembly 16 includes an inter-
axle shaft 64, a second driving gear 65, a second wheel
differential 66, a second pair of output axle shafts 67, and
an axle clutch 68. Preferably, the components 64, 65,
66, 67, 68 are formed from a hardened steel, however
the components 64, 65, 66, 67, 68 may be formed from
any other rigid material. As shown, the second axle as-
sembly 16 includes the five components 64, 65, 66, 67,
68 disposed in a second axle housing 69 but it is under-
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stood the second axle assembly 16 may include fewer
or more components.
[0038] The inter-axle shaft 64 comprises at least one
elongate cylindrical member drivingly engaged with the
second output gear 24 through a driven gear 70 coupled
to the inter-axle shaft 64. As illustrated, the inter-axle
shaft 64 comprises a plurality of elongate cylindrical
members connected by joints. Bearings 32 disposed be-
tween the inter-axle shaft 64 and the housing 30 permit
the inter-axle shaft 64 to rotate therein.
[0039] A bevel gear pinion 71 is drivingly coupled to
the inter-axle shaft 64 opposite the driven gear 70. As is
known in the art, the bevel gear pinion 71 has gear teeth
formed on an outer surface thereof. The bevel gear pinion
71 may be one of a hypoid gear, a spiral bevel gear, a
straight bevel gear, or any other gear known to those
skilled in the art.
[0040] The second driving gear 65 is a ring style bevel
gear as is known in the art having a set of gear teeth
engaged with the gear teeth formed on the bevel gear
pinion 71. The second driving gear 65 is coupled to a
housing of the second wheel differential 66 by a plurality
of fasteners or a weld and is rotatable about an axis of
the second pair of output axle shafts 67 within the second
axle housing 69. Alternately, the second driving gear 65
may be integrally formed with the second wheel differ-
ential 66. The second driving gear 65 is drivingly engaged
with the bevel gear pinion 71 and has a second gear ratio.
As a non-limiting example, the second gear ratio may be
a 4.88:1 ratio, which is a lower gear ratio than the first
gear ratio, but it is understood that other ratios or a ratio
equal to the first gear ratio may be used.
[0041] The second wheel differential 66 is a bevel gear
style differential as is known in the art having a plurality
of driving pinions and a pair of side gears drivingly en-
gaged with the second pair of output axle shafts 67. The
second wheel differential 66 is rotatably disposed within
the second axle housing 69 about the axis of the second
pair of output axle shafts 67. Alternately, other styles of
differentials may be used in place of the second wheel
differential 66.
[0042] The second pair of output axle shafts 67 are
elongate cylindrical members having a common axis ro-
tatably mounted within the second axle housing 69. Bear-
ings 32 disposed between the pair of second output axle
shafts 67 and the second axle housing 69 permit the sec-
ond pair of output axle shafts 67 to rotate therein. The
side gears of the second wheel differential 66 are dis-
posed on first ends of each of the second output axle
shafts 67 and wheels (not shown) are disposed on sec-
ond ends of each of the second output axle shafts 67.
[0043] The axle clutch 68 is a dog style clutch that di-
vides one of the second output axle shafts 67 into first
and second portions. Alternately, the axle clutch 68 may
be a component of the second wheel differential 66 which
engages a side gear of the second wheel differential 66
and one of the second output axle shafts 67 or any other
clutching device as known in the art. The axle clutch 68

may also be a plate style clutch or any other style of
clutch. The axle clutch 68 has a plurality of teeth formed
thereon for selectively engaging corresponding teeth
formed on the first portion and the second portion of the
second output axle shafts 67. The axle clutch 68 is urged
Into an engaged position or a disengaged position by a
shift fork 73. A second actuator 74, which is drivingly
engaged with the shift fork 73, is engaged to position the
shift fork 73, and thus the axle clutch 68, as directed by
the controller 55. When the axle clutch 68 is in the en-
gaged position, the first portion of one of the second out-
put axle shafts 67 is drivingly engaged with the second
portion of one of the second output axle shafts 67.
[0044] The controller 55 is in communication with the
power source 11, the first actuator 57, the second actu-
ator 74, and at least one sensor 75. Preferably, the con-
troller 55 is in electrical communication with the power
source 11, the first actuator 57, the second actuator 74,
and the at least one sensor 75. Alternately, the controller
55 may be in communication with the power source 11,
the first actuator 57, the second actuator 74, and the at
least one sensor 75 using pneumatics, hydraulics, or a
wireless communication medium.
[0045] The controller 55 is configured to accept an in-
put containing information regarding at least one of an
operating condition of the power source 11, a tempera-
ture of the second axle assembly 16, a speed of a portion
of the transfer shaft 22, a speed of the second output
gear 24, a speed of a portion of the second axle assembly
16, an amount of the rotational force transferred to the
power distribution unit 12, a position of the clutch 28, and
a position of the axle clutch 68. The controller 55 uses
the input to adjust the at least one of the operating con-
dition of the power source 11, the position of the clutch
28, the position of the axle clutch 68, and a duration be-
tween successive positions of the clutch 28. The control-
ler 55 performs the adjustment to the operating condition
of the power source 11, the position of the clutch 28, the
position of the axle clutch 68, and the duration between
successive positions of the clutch 28 based on at least
one of the operating condition of the power source 11,
the temperature of the second axle assembly 16, the
speed of the second output gear 24, the speed of a portion
of the second axle assembly 16, the amount of the rota-
tional force transferred to the power distribution unit 12,
the position of the clutch 28, and the position of the axle
clutch 68. The controller 55 references at least one of a
series of instructions and conditions, an operator input,
at least one data table, and at least one algorithm to de-
termine the adjustment made to the operating condition
of the power source 11, the position of the clutch 28, the
position of the axle clutch 68, and the duration between
successive positions of the clutch 28.
[0046] The at least one sensor 75 may be disposed
within the housing 30, the first axle housing 63, and the
second axle housing 69. Further, it is understood that the
at least one sensor 75 may be disposed on an outer sur-
face of one of the housings 30, 63, 69 or mounted else-
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where on the vehicle. The at least one sensor 75 is con-
figured as known in the art to monitor at least one of the
operating condition of the power source 11, the temper-
ature of the second axle assembly 16, the speed of a
portion of the transfer shaft 22, the speed of the second
output gear 24, the speed of a portion of the second axle
assembly 16, the amount of a rotational force transferred
to the power distribution unit 12, the position of the clutch
28, and the position of the axle clutch 68. The operating
condition of the power source 11 may be at least one of
an indication that the power source 11 is operating, a
rotational speed of the power source 11, a state of a
transmission forming a portion of the power source11,
and a speed of the vehicle.
[0047] In use, a method for use with the drive axle sys-
tem 10 facilitates shifting the power distribution unit 12
from a first operating state to a second operating state.
[0048] When the power distribution unit 12 is placed in
the first operating state, only the first axle assembly 14
is driven in a high speed and low torque manner of op-
eration. The first operating state is employed when the
vehicle reaches a "cruising" speed, which typically re-
quires a reduced amount of torque to maintain the "cruis-
ing" speed. In the first operating state, the clutch 28 is
placed in a first position. In the first position, the inter-
axle differential 19 is locked and the first output gear 20
is drivingly engaged with the input shaft 18 through the
inter-axle differential 19 in the locked condition. When
the inter-axle differential 19 is locked, the pinion carrier
36, the plurality of driving pinions 21, the first output gear
20, and the transfer shaft 22 rotate concurrently because
inner clutch collar teeth 52 of the clutch 28 are drivingly
engaged with the first set of clutch teeth 37 of the pinion
carrier 36 and the first set of clutch teeth 44 of the transfer
shaft 22. Further, in the first position, the second output
gear 24 is disengaged from the clutch 28 and the transfer
shaft 22, and thus the inter-axle differential 19 and the
input shaft 18. When the power distribution unit 12 is
placed in the first operating state, the axle clutch 68 may
be disengaged, permitting the second output gear 24,
the driven gear 70, the inter-axle shaft 64, the second
driving gear 65, and the second wheel differential 66 to
coast to an idle condition.
[0049] When the power distribution unit 12 is placed in
the second operating state, the first axle assembly 14
and the second axle assembly 16 are simultaneously
driven in a low speed and high torque manner of opera-
tion. The second operating state is employed when the
vehicle is operated at lower speeds or when the vehicle
is accelerating. When the vehicle is operated at lower
speeds or when the vehicle is accelerating, an increased
amount of torque is typically required. In the second op-
erating state, the clutch 28 is placed in a second position.
In the second position, the inter-axle differential 19 is
unlocked and the output shaft 41 of the first output gear
20 and the second output gear 24 are drivingly engaged
with the input shaft 18 through the inter-axle differential
19. The pinion carrier 36 simultaneously drives the first

output gear 20 and the transfer shaft 22 through the plu-
rality of driving pinions 21. When the inter-axle differential
19 is unlocked, the pinion carrier 36, the plurality of driving
pinions 21, the first output gear 20, and the transfer shaft
22 are free to rotate with respect to one another. Further,
in the second position, the first set of clutch teeth 50 of
the second output gear 24 and the first set of clutch teeth
44 of the transfer shaft 22 are engaged with the inner
clutch collar teeth 52 of the clutch 28. When the power
distribution unit 12 is placed in the second operating
state, the axle clutch 68 is engaged, permitting the sec-
ond output gear 24 to drive the second pair of output axle
shafts 67 through the driven gear 70, the inter-axle shaft
64, the second driving gear 65, and the second wheel
differential 66.
[0050] FIGS. 2-4 are three charts illustrating three non-
limiting examples of shifting the power distribution unit
12 from a first operating state to a second operating state.
[0051] The shifting procedure as illustrated in FIG. 2
is employed by the controller 55 when the temperature
of the second axle assembly 16 is above the predeter-
mined value prior to initiation of the shifting procedure.
Further, it is understood that the example illustrated in
FIG. 2 may be selected by the controller 55 on the basis
that the shifting procedure illustrated in FIG. 2 is advan-
tageous when the temperature of the second axle as-
sembly 16 is within a predetermined temperature range.
A horizontal axis shown in FIG. 2 indicates a duration of
time from a first chronological reference point, A, to a
fourth chronological reference point, D. Chronological
reference points B and C respectively occur between
points A and D.
[0052] A vertical axis shown in FIG. 2 indicates a rota-
tional speed of the first output gear 20, the transfer shaft
22, the second output gear 24, and the power source 11.
The vertical axis begins at a rotational speed of zero and
increases as the vertical axis extends away from the hor-
izontal axis. A rotational speed of the power source 11
depicted in FIG. 2 is merely for purposes of example, and
the shifting procedure is not limited to the depicted
speeds.
[0053] Point A indicates a starting time of the shifting
procedure. At point A, the power distribution unit 12 is in
the first operating state. In the first operating state, the
clutch 28 is in the first position. When directed by the
controller 55 or by an operator of the vehicle, the shifting
procedure is initiated by verifying disengagement of the
axle clutch 68 and by adjusting the rotational force trans-
ferred to the power distribution unit 12.
[0054] The step of adjusting the rotational force trans-
ferred to the power distribution unit 12 may be performed
by one of adjusting an operating condition of the power
source 11 and at least partially disengaging a clutch (not
shown) forming a portion of the power source 11. When
the step of adjusting the rotational force transferred to
the power distribution unit 12 is performed by adjusting
the operating condition of the power source 11, the op-
erating condition of the power source 11 may be adjusted
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by one of increasing or decreasing a fuel supplied to the
power source 11. When the rotational force is a positive
rotational force (meaning the power source 11 is applying
a rotational force to the power distribution unit 12) the
fuel supplied to the power source 11 is decreased to re-
duce the rotational force. When the rotational force is a
negative rotational force (meaning the power distribution
unit 12 is applying a rotational force to the power source
11) the fuel supplied to the power source 11 is increased
to increase the rotational force. When the step of one of
reducing and interrupting the rotational force transferred
to the power distribution unit 12 is performed by at least
partially disengaging a clutch or other device (neither are
shown) associated with the power source 11, an amount
of engagement of the clutch or other device (neither are
shown) associated with the power source 11 is de-
creased to reduce the rotational force. Adjusting the ro-
tational force transferred to the power distribution unit 12
as mentioned hereinabove is performed until the rota-
tional force transferred to the power distribution unit 12
is about equal to an amount of rotational force applied
by the power distribution unit 12 to the power source 11.
[0055] When the rotational force transferred to the
power distribution unit 12 is about equal to an amount of
rotational force applied by the power distribution unit 12,
the controller 55 engages the first actuator 57 to move
the clutch 28 from the first position to the third position.
Point B of FIG. 2 indicates a time in the shifting procedure
when the clutch 28 is placed in the third position. As men-
tioned hereinabove, when the clutch 28 is placed in the
third position, the inter-axle differential 19 is unlocked
and the second output gear 24 is disengaged from the
transfer shaft 22, and thus the inter-axle differential 19.
Once the clutch 28 is placed in the third position, the
controller 55 further engages the first actuator 57 to move
the clutch 28 from the third position to the second position
while simultaneously adjusting the rotational speed of
the power source 11.
[0056] As shown in FIG. 2, the duration of time between
points B and C represents a duration of time where the
clutch 28, which is drivingly engaged with the transfer
shaft 22, is acting upon the second output gear 24 but
before the inner clutch collar teeth 52 engage the first set
of clutch teeth 50 of the second output gear 24. When
the clutch 28 acts upon the second output gear 24, a
rotational force is applied to the second output gear 24.
The rotational force applied to the second output gear 24
causes the second output gear 24, the driven gear 70,
the inter-axle shaft 64, the second driving gear 65, and
the second wheel differential 66 to adjust the rotational
speed from the idle condition to one of a predetermined
speed and a target speed.
[0057] The predetermined speed is obtained by the
controller 55 by referencing information stored in the at
least one data table. The target speed is calculated by
the controller 55 using the at least one algorithm and a
speed of the vehicle. To facilitate adjusting the rotational
speed to one of the predetermined speed and the target

speed, the rotational speed of the power source 11 is
adjusted. As a non-limiting example, the rotational speed
of the power source 11 may be adjusted by one of in-
creasing or decreasing a fuel supplied to the power
source 11. A shown in FIG. 2, the rotational speed of the
power source 11 is increased between points B and C.
A near constant rotational speed of the first pair of output
axle shafts 62 (as the vehicle coasts during the shifting
procedure) backdrives the first output gear 20. The first
output gear 20, backdriven at the near constant rotational
speed, permits increases in the rotational speed of the
power source 11 to be directly reflected in the rotational
speed of the transfer shaft 22 through the inter-axle dif-
ferential 19. The concurrent rotation of the pinion carrier
36 (as driven by the input shaft18) and the first output
gear 20 drives the transfer shaft 22 through the plurality
of driving pinions 21 to adjust the rotational speed of the
second output gear 24, the driven gear 70, the inter-axle
shaft 64, the second driving gear 65, and the second
wheel differential 66 through the clutch 28.
[0058] A shown in FIG. 2, the one of the predetermined
speed and the target speed are obtained when the rota-
tional speed of the transfer shaft 22 and the second out-
put gear 24 are about equal. Further, the one of the pre-
determined speed and the target speed permits a mesh-
ing engagement between the second output gear 24 and
the transfer shaft 22 with the clutch 28.
[0059] When the one of the predetermined speed and
the target speed are obtained, the controller 55 further
engages the first actuator 57 to move the clutch 28 from
the third position to the second position. Point C of FIG.
2 indicates a time in the shifting procedure when the
clutch 28 is placed in the second position. As mentioned
hereinabove, when the clutch 28 is placed in the second
position, the inter-axle differential 19 is unlocked and the
second output gear 24 is engaged with the transfer shaft
22, and thus the inter-axle differential 19.
[0060] When the one of the predetermined speed and
the target speed are obtained, the controller 55 com-
mands the second actuator 74 to move the axle clutch
68 to an engaged position. Point C of FIG. 2 indicates
the time of the shifting procedure when the controller 55
commands the second actuator 74 to move the axle
clutch 68 to an engaged position. Point D of FIG. 2 indi-
cates the time of the shifting procedure when the axle
clutch 68 is engaged. As shown in FIG. 2, the duration
of time between points C and D represents a duration of
time after the controller 55 commands the second actu-
ator 74 to engage the axle clutch 68 but before the axle
clutch 68 is engaged. The axle clutch 68 may not imme-
diately engage due to a misalignment between the first
portion and the second portion of one of the second pair
of output axle shafts, a slipping condition of one of the
wheels (not shown) coupled to the second pair of output
axle shafts 67, or due to both conditions. As shown in
FIG. 2, once the one of the predetermined speed and the
target speed are obtained, a substantially constant rota-
tional speed of the power source 11 is maintained by the
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controller 55. When the axle clutch 68 is engaged, the
second pair of output axle shafts 67 is drivingly engaged
with the second output gear 24 through the driven gear
70, the inter-axle shaft 64, the second driving gear 65,
and the second wheel differential 66.
[0061] Following point D, the step of one of increasing
and resuming the rotational force transferred to the power
distribution unit 12 may be performed by one of adjusting
an operating condition of the power source 11 and by
engaging the clutch (not shown) forming a portion of the
power source 11. When the step of increasing the rota-
tional force transferred to the power distribution unit 12
is performed by adjusting the operating condition of the
power source 11, the operating condition of the power
source 11 may be adjusted by increasing the fuel sup-
plied to the power source 11. When the step of increasing
and resuming the rotational force transferred to the power
distribution unit 12 is performed by engaging the clutch
(not shown), the amount of engagement of the clutch (not
shown) associated with the power source 11 is increased
to increase the rotational force. Adjusting the rotational
force transferred to the power distribution unit 12 as men-
tioned hereinabove completes the shifting procedure as
illustrated in FIG. 2, and the controller 55 returns control
of one of the operating conditions of the power source
11 and the clutch (not shown) to the operator.
[0062] Once the drive axle system 10 is placed in the
second operating state, the rotational force applied to the
power distribution unit 12 by the power source 11 is dis-
tributed between the first output gear 20 and the second
output gear 24 through the inter-axle differential 19. A
rotational difference of the first output gear 20 and the
second output gear 24 caused by a difference between
the first gear ratio and the second gear ratio is accom-
modated by the inter-axle differential 19. Because the
inter-axle differential 19 accommodates the rotational dif-
ference between the first gear ratio and the second gear
ratio, a cumulative gear ratio is provided. The cumulative
gear ratio is intermediate the first gear ratio and the sec-
ond gear ratio.
[0063] The shifting procedure as illustrated in FIG. 3
is employed by the controller 55 when the temperature
of the second axle assembly 16 is below the predeter-
mined value prior to initiation of the shifting procedure.
Further, it is understood that the example illustrated in
FIG. 3 may be selected by the controller 55 on the basis
that the shifting procedure illustrated in FIG. 3 is advan-
tageous when the temperature of the second axle as-
sembly 16 is within a predetermined temperature range.
The shifting procedure illustrated in FIG. 3 may be se-
lected when the temperature of the second axle assem-
bly 16 is low enough to substantially reduce an effective-
ness of the synchronizer 54 of the clutch 28 in acting
upon the second output gear 24 due to an increase in
viscosity of the lubricant disposed in the second axle as-
sembly 16. A horizontal axis shown in FIG. 3 indicates a
duration of time from a first chronological reference point,
A, to a fifth chronological reference point, E. Chronolog-

ical reference points B, C, and D respectively occur be-
tween points A and E.
[0064] A vertical axis shown in FIG. 3 indicates the
rotational speed of the first output gear 20, the transfer
shaft 22, the second output gear 24, and the power
source 11. The vertical axis begins at a rotational speed
of zero and increases as the vertical axis extends away
from the horizontal axis. The rotational speed of the pow-
er source 11 depicted in FIG. 3 is merely for purposes of
example, and the shifting procedure is not limited to the
depicted speeds.
[0065] Point A indicates a starting time of the shifting
procedure. At point A, the power distribution unit 12 is in
the first operating state. In the first operating state, the
clutch 28 is in the first position. When directed by the
controller 55 or by an operator of the vehicle, the shifting
procedure is initiated by verifying disengagement of the
axle clutch 68 and by adjusting the rotational force trans-
ferred to the power distribution unit 12.
[0066] The step of adjusting the rotational force trans-
ferred to the power distribution unit 12 may be performed
by one of adjusting an operating condition of the power
source 11 and at least partially disengaging a clutch (not
shown) forming a portion of the power source 11. When
the step of adjusting the rotational force transferred to
the power distribution unit 12 is performed by adjusting
the operating condition of the power source 11, the op-
erating condition of the power source 11 may be adjusted
by one of increasing or decreasing a fuel supplied to the
power source 11. When the rotational force is a positive
rotational force (meaning the power source 11 is applying
a rotational force to the power distribution unit 12) the
fuel supplied to the power source 11 is decreased to re-
duce the rotational force. When the rotational force is a
negative rotational force (meaning the power distribution
unit 12 is applying a rotational force to the power source
11) the fuel supplied to the power source 11 is increased
to increase the rotational force. When the step of one of
reducing and interrupting the rotational force transferred
to the power distribution unit 12 is performed by at least
partially disengaging a clutch or other device (neither are
shown) associated with the power source 11, an amount
of engagement of the clutch or other device (neither are
shown) associated with the power source 11 is de-
creased to reduce the rotational force. Adjusting the ro-
tational force transferred to the power distribution unit 12
as mentioned hereinabove is performed until the rota-
tional force transferred to the power distribution unit 12
is about equal to an amount of rotational force applied
by the power distribution unit 12 to the power source 11.
[0067] When the rotational force transferred to the
power distribution unit 12 is about equal to an amount of
rotational force applied by the power distribution unit 12,
the controller 55 engages the first actuator 57 to move
the clutch 28 from the first position to the third position.
Point B of FIG. 3 indicates a time in the shifting procedure
when the clutch 28 is placed in the third position. As men-
tioned hereinabove, when the clutch 28 is placed in the
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third position, the inter-axle differential 19 is unlocked
and the second output gear 24 is disengaged from the
transfer shaft 22, and thus the inter-axle differential 19.
[0068] Once the clutch 28 is placed in the third position,
the controller 55 decreases a rotational speed of the pow-
er source 11. As a non-limiting example, the rotational
speed of the power source 11 may be decreased by de-
creasing a fuel supplied to the power source 11. A shown
in FIG. 3, the rotational speed of the power source 11 is
decreased between points B and C. A near constant ro-
tational speed of the first pair of output axle shafts 62 (as
the vehicle coasts during the shifting procedure) back-
drives the first output gear 20. The first output gear 20,
backdriven at the near constant rotational speed, permits
decreases in the rotational speed of the power source
11 to be directly reflected in the rotational speed of the
transfer shaft 22 through the inter-axle differential 19.
The concurrent rotation of the pinion carrier 36 (as driven
by the input shaft18) and the first output gear 20 retards
the transfer shaft 22 through the plurality of driving pin-
ions 21 to adjust the rotational speed of the transfer shaft
22. The rotational speed of the transfer shaft 22 is ad-
justed to facilitate a smooth engagement of the clutch 28
with the second output gear 24 when the clutch 28 is
moved from the third position to the second position. As
a non-limiting example, the rotational speed of the power
source 11 may be decreased between points B and C to
decrease the rotational speed of the transfer shaft 22 to
about zero. Point C of FIG. 3 indicates a time in the shift-
ing procedure when the clutch 28 is placed in the second
position.
[0069] When the rotational speed of the transfer shaft
22 is adjusted to facilitate a smooth engagement of the
clutch 28 with the second output gear 24, the controller
55 further engages the first actuator 57 to move the clutch
28 from the third position to the second position while
simultaneously adjusting a rotational speed of the power
source 11.
[0070] As shown in FIG. 3, the duration of time between
points C and D represents a duration of time where the
inner clutch collar teeth 52 are drivingly engaged with the
clutch teeth 44 of the transfer shaft 22 and the clutch
teeth 50 of the second output gear 24 but before the
controller 55 commands the second actuator 74 to move
the axle clutch 68 to an engaged position.
[0071] When the clutch 28 is engaged with the second
output gear 24, the second output gear 24 is drivingly
engaged with the transfer shaft 22. When the second
output gear 24 is drivingly engaged with the transfer shaft
22, the rotational speed of the second output gear 24,
the driven gear 70, the inter-axle shaft 64, the second
driving gear 65, and the second wheel differential 66 may
be adjusted to one of a predetermined speed and a target
speed.
[0072] Further, when the second output gear 24 is driv-
ingly engaged with the transfer shaft 22, the second driv-
ing gear 65 and the second wheel differential 66 imparts
energy to the lubricant disposed within the second axle

assembly 16. The duration of time between points C and
D may be determined by the controller based on the tem-
perature of the second axle assembly 16 as indicated by
the sensor 75. The controller 55 may increase or de-
crease the duration of time between points C and D until
the temperature of the second axle assembly 16 is above
the predetermined value. As a non-limiting example, the
predetermined value may be about 20° Fahrenheit.
[0073] The predetermined speed is obtained by the
controller 55 by referencing information stored in the at
least one data table. The target speed is calculated by
the controller 55 using the at least one algorithm and a
speed of the vehicle. To facilitate adjusting the rotational
speed to one of the predetermined speed and the target
speed, the rotational speed of the power source 11 is
adjusted. As a non-limiting example, the rotational speed
of the power source 11 may be adjusted by one of in-
creasing or decreasing a fuel supplied to the power
source 11. A shown in FIG. 3, the rotational speed of the
power source 11 is increased between points C and D.
A near constant rotational speed of the first pair of output
axle shafts 62 (as the vehicle coasts during the shifting
procedure) backdrives the first output gear 20. The first
output gear 20, backdriven at the near constant rotational
speed, permits increases in the rotational speed of the
power source 11 to be directly reflected in the rotational
speed of the transfer shaft 22 through the inter-axle dif-
ferential 19. The concurrent rotation of the pinion carrier
36 (as driven by the input shaft18) and the first output
gear 20 drives the transfer shaft 22 through the plurality
of driving pinions 21 to adjust the rotational speed of the
second output gear 24, the driven gear 70, the inter-axle
shaft 64, the second driving gear 65, and the second
wheel differential 66 through the clutch 28 placed in the
second position.
[0074] A shown in FIG. 3, the one of the predetermined
speed and the target speed are obtained when the rota-
tional speed of the second output gear 24, the driven
gear 70, the inter-axle shaft 64, the second driving gear
65, and the second wheel differential 66 permits a mesh-
ing engagement between the first portion of one of the
second pair of output axle shafts 67 and the second por-
tion of one the second pair of output axle shafts 67 with
the axle clutch 68.
[0075] When the one of the predetermined speed and
the target speed are obtained, the controller 55 com-
mands the second actuator 74 to move the axle clutch
68 to the engaged position. Point D of FIG. 3 indicates
the time of the shifting procedure when the controller 55
commands the second actuator 74 to move the axle
clutch 68 to the engaged position. Point E of FIG. 3 indi-
cates the time of the shifting procedure when the axle
clutch 68 is engaged. As shown in FIG. 3, the duration
of time between points D and E represents a duration of
time after the controller 55 commands the second actu-
ator 74 to engage the axle clutch 68 but before the axle
clutch 68 is engaged. The axle clutch 68 may not imme-
diately engage due to a misalignment between the first
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portion and the second portion of one of the second pair
of output axle shafts, a slipping condition of one of the
wheels (not shown) coupled to the second pair of output
axle shafts 67, or due to both conditions. As shown in
FIG. 3, once the one of the predetermined speed and the
target speed are obtained, a substantially constant rota-
tional speed of the power source 11 is maintained by the
controller 55. When the axle clutch 68 is engaged, the
second pair of output axle shafts 67 is drivingly engaged
with the second output gear 24 through the driven gear
70, the inter-axle shaft 64, the second driving gear 65,
and the second wheel differential 66.
[0076] Following point E, the step of one of increasing
and resuming the rotational force transferred to the power
distribution unit 12 may be performed by one of adjusting
an operating condition of the power source 11 and by
engaging the clutch (not shown) forming a portion of the
power source 11. When the step of increasing the rota-
tional force transferred to the power distribution unit 12
is performed by adjusting the operating condition of the
power source 11, the operating condition of the power
source 11 may be adjusted by increasing the fuel sup-
plied to the power source 11. When the step of increasing
and resuming the rotational force transferred to the power
distribution unit 12 is performed by engaging the clutch
(not shown), the amount of engagement of the clutch (not
shown) associated with the power source 11 is increased
to increase the rotational force. Adjusting the rotational
force transferred to the power distribution unit 12 as men-
tioned hereinabove completes the shifting procedure as
illustrated in FIG. 3, and the controller 55 returns control
of one of the operating conditions of the power source
11 and the clutch (not shown) to the operator.
[0077] Once the drive axle system 10 is placed in the
second operating state, the rotational force applied to the
power distribution unit 12 by the power source 11 is dis-
tributed between the first output gear 20 and the second
output gear 24 through the inter-axle differential 19. A
rotational difference of the first output gear 20 and the
second output gear 24 caused by a difference between
the first gear ratio and the second gear ratio is accom-
modated by the inter-axle differential 19. Because the
inter-axle differential 19 accommodates the rotational dif-
ference between the first gear ratio and the second gear
ratio, a cumulative gear ratio is provided. The cumulative
gear ratio is intermediate the first gear ratio and the sec-
ond gear ratio.
[0078] The shifting procedure as illustrated in FIG. 4
is employed by the controller 55 when the temperature
of the second axle assembly 16 is below the predeter-
mined value prior to initiation of the shifting procedure.
Further, it is understood that the example illustrated in
FIG. 4 may be selected by the controller 55 on the basis
that the shifting procedure illustrated in FIG. 4 is advan-
tageous when the temperature of the second axle as-
sembly 16 is within a predetermined temperature range.
The shifting procedure illustrated in FIG. 3 may be se-
lected when the temperature of the second axle assem-

bly 16 is low enough to reduce an effectiveness of the
synchronizer 54 of the clutch 28 in acting upon the second
output gear 24 due to an increase in viscosity of the lu-
bricant disposed in the second axle assembly 16. A hor-
izontal axis shown in FIG. 4 indicates a duration of time
from a first chronological reference point, A, to a fifth
chronological reference point, E. Chronological refer-
ence points B, C, and D respectively occur between
points A and E.
[0079] A vertical axis shown in FIG. 4 indicates a rota-
tional speed of the first output gear 20, the transfer shaft
22, the second output gear 24, and the power source 11.
The vertical axis begins at a rotational speed of zero and
increases as the vertical axis extends away from the hor-
izontal axis. The rotational speed of the power source 11
depicted in FIG. 4 is merely for purposes of example, and
the shifting procedure is not limited to the depicted
speeds.
[0080] Point A indicates a starting time of the shifting
procedure. At point A, the power distribution unit 12 is in
the first operating state. In the first operating state, the
clutch 28 is in the first position. When directed by the
controller 55 or by an operator of the vehicle, the shifting
procedure is initiated by verifying disengagement of the
axle clutch 68 and by adjusting the rotational force trans-
ferred to the power distribution unit 12.
[0081] The step of adjusting the rotational force trans-
ferred to the power distribution unit 12 may be performed
by one of adjusting an operating condition of the power
source 11 and at least partially disengaging a clutch (not
shown) forming a portion of the power source 11. When
the step of adjusting the rotational force transferred to
the power distribution unit 12 is performed by adjusting
the operating condition of the power source 11, the op-
erating condition of the power source 11 may be adjusted
by one of increasing or decreasing a fuel supplied to the
power source 11. When the rotational force is a positive
rotational force (meaning the power source 11 is applying
a rotational force to the power distribution unit 12) the
fuel supplied to the power source 11 is decreased to re-
duce the rotational force. When the rotational force is a
negative rotational force (meaning the power distribution
unit 12 is applying a rotational force to the power source
11) the fuel supplied to the power source 11 is increased
to increase the rotational force. When the step of one of
reducing and interrupting the rotational force transferred
to the power distribution unit 12 is performed by at least
partially disengaging a clutch or other device (neither are
shown) associated with the power source 11, an amount
of engagement of the clutch or other device (neither are
shown) associated with the power source 11 is de-
creased to reduce the rotational force. Adjusting the ro-
tational force transferred to the power distribution unit 12
as mentioned hereinabove is performed until the rota-
tional force transferred to the power distribution unit 12
is about equal to an amount of rotational force applied
by the power distribution unit 12 to the power source 11.
[0082] When the rotational force transferred to the
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power distribution unit 12 is about equal to an amount of
rotational force applied by the power distribution unit 12,
the controller 55 engages the first actuator 57 to move
the clutch 28 from the first position to the third position.
Point B of FIG. 4 indicates a time in the shifting procedure
when the clutch 28 is placed in the third position. As men-
tioned hereinabove, when the clutch 28 is placed in the
third position, the inter-axle differential 19 is unlocked
and the second output gear 24 is disengaged from the
transfer shaft 22, and thus the inter-axle differential 19.
[0083] Once the clutch 28 is placed in the third position,
the controller 55 further engages the first actuator 57 to
move the clutch 28 from the third position to the second
position while simultaneously adjusting a rotational
speed of the power source 11. As shown in FIG. 4, the
rotational speed of the power source 11 is decreased
between points B and C as the second synchronizer 54
of the clutch 28 acts upon the second output gear 24 but
before the clutch 28 is placed in the second position.
[0084] As a non-limiting example, the rotational speed
of the power source 11 may be decreased by decreasing
a fuel supplied to the power source 11. A shown in FIG.
4, the rotational speed of the power source 11 is de-
creased between points B and C. A near constant rota-
tional speed of the first pair of output axle shafts 62 (as
the vehicle coasts during the shifting procedure) back-
drives the first output gear 20. The first output gear 20,
backdriven at the near constant rotational speed, permits
decreases in the rotational speed of the power source
11 to be directly reflected in the rotational speed of the
transfer shaft 22 through the inter-axle differential 19.
The concurrent rotation of the pinion carrier 36 (as driven
by the input shaft18) and the first output gear 20 retards
the transfer shaft 22 through the plurality of driving pin-
ions 21 to adjust the rotational speed of the transfer shaft
22. The rotational speed of the transfer shaft 22 is ad-
justed to facilitate a smooth engagement of the clutch 28
with the second output gear 24 when the clutch 28 is
moved from the third position to the second position.
Point C indicates a time in the shifting procedure when
the clutch 28 is placed in the second position.
[0085] When one of the rotational speed of the power
source 11 and the rotational speed of the transfer shaft
22 are adjusted to facilitate a smooth engagement of the
clutch 28 with the second output gear 24, the controller
55 further engages the first actuator 57 to engage the
clutch 28 with the second output gear 24 then increasing
a rotational speed of the power source 11. Between
points C and D, when the clutch 28 is placed in the second
position, the rotational speed of the power source 11 is
increased.
[0086] As shown in FIG. 4, the duration of time between
points C and D represents a duration of time where the
inner clutch collar teeth 52 are drivingly engaged with the
clutch teeth 44 of the transfer shaft 22 and the clutch
teeth 50 of the second output gear 24 but before the
controller commands the second actuator 74 to move the
axle clutch 68 to an engaged position.

[0087] When the clutch 28 is engaged with the second
output gear 24, the second output gear 24 is drivingly
engaged with the transfer shaft 22. When the second
output gear 24 is drivingly engaged with the transfer shaft
22, the rotational speed of the second output gear 24,
the driven gear 70, the inter-axle shaft 64, the second
driving gear 65, and the second wheel differential 66 may
be adjusted to one of a predetermined speed and a target
speed.
[0088] Further, when the second output gear 24 is driv-
ingly engaged with the transfer shaft 22, the second driv-
ing gear 65 and the second wheel differential 66 imparts
energy to the lubricant disposed within the second axle
assembly 16. The duration of time between points C and
D may be determined by the controller based on the tem-
perature of the second axle assembly 16 as indicated by
the sensor 75. The controller 55 may increase or de-
crease the duration of time between points C and D until
the temperature of the second axle assembly 16 is above
the predetermined value. As a non-limiting example, the
predetermined value may be about 20° Fahrenheit.
[0089] The predetermined speed is obtained by the
controller 55 by referencing information stored in the at
least one data table. The target speed is calculated by
the controller 55 using the at least one algorithm and a
speed of the vehicle. To facilitate adjusting the rotational
speed to one of the predetermined speed and the target
speed, the rotational speed of the power source 11 is
adjusted. The rotational speed of the power source 11 is
adjusted by adjusting the rotational speed of the power
source 11. As a non-limiting example, the rotational
speed of the power source 11 may be adjusted by in-
creasing a fuel supplied to the power source 11. A shown
in FIG. 4, the rotational speed of the power source 11 is
increased between points C and D. A near constant ro-
tational speed of the first pair of output axle shafts 62 (as
the vehicle coasts during the shifting procedure) back-
drives the first output gear 20. The first output gear 20,
backdriven at the near constant rotational speed, permits
increases in the rotational speed of the power source 11
to be directly reflected in the rotational speed of the trans-
fer shaft 22 through the inter-axle differential 19. The con-
current rotation of the pinion carrier 36 (as driven by the
input shaft18) and the first output gear 20 drives the trans-
fer shaft 22 through the plurality of driving pinions 21 to
adjust the rotational speed of the second output gear 24,
the driven gear 70, the inter-axle shaft 64, the second
driving gear 65, and the second wheel differential 66
through the clutch 28 placed in the second position.
[0090] A shown in FIG. 4, the one of the predetermined
speed and the target speed are obtained when the rota-
tional speed of the second output gear 24, the driven
gear 70, the inter-axle shaft 64, the second driving gear
65, and the second wheel differential 66 permits a mesh-
ing engagement between the first portion of one of the
second pair of output axle shafts 67 and the second por-
tion of one the second pair of output axle shafts 67 with
the axle clutch 68.
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[0091] When the one of the predetermined speed and
the target speed are obtained, the controller 55 com-
mands the second actuator 74 to move the axle clutch
68 to the engaged position. Point D of FIG. 4 indicates
the time in the shifting procedure when the controller 55
commands the second actuator 74 to move the axle
clutch 68 to the engaged position. Point E of FIG. 4 indi-
cates the time of the shifting procedure when the axle
clutch 68 is engaged. As shown in FIG. 4, the duration
of time between points D and E represents a duration of
time after the controller 55 commands the second actu-
ator 74 to engage the axle clutch 68 but before the axle
clutch 68 is engaged. The axle clutch 68 may not imme-
diately engage due to a misalignment between the first
portion and the second portion of one of the second pair
of output axle shafts, a slipping condition of one of the
wheels (not shown) coupled to the second pair of output
axle shafts 67, or due to both conditions. As shown in
FIG. 4, once the one of the predetermined speed and the
target speed are obtained, a substantially constant rota-
tional speed of the power source 11 is maintained by the
controller 55. When the axle clutch 68 is engaged, the
second pair of output axle shafts 67 is drivingly engaged
with the second output gear 24 through the driven gear
70, the inter-axle shaft 64, the second driving gear 65,
and the second wheel differential 66.
[0092] Following point E, the step of one of increasing
and resuming the rotational force transferred to the power
distribution unit 12 may be performed by one of adjusting
an operating condition of the power source 11 and by
engaging the clutch (not shown) forming a portion of the
power source 11. When the step of increasing the rota-
tional force transferred to the power distribution unit 12
is performed by adjusting the operating condition of the
power source 11, the operating condition of the power
source 11 may be adjusted by increasing the fuel sup-
plied to the power source 11. When the step of increasing
and resuming the rotational force transferred to the power
distribution unit 12 is performed by engaging the clutch
(not shown), the amount of engagement of the clutch (not
shown) associated with the power source 11 is increased
to increase the rotational force. Adjusting the rotational
force transferred to the power distribution unit 12 as men-
tioned hereinabove completes the shifting procedure as
illustrated in FIG. 4, and the controller 55 returns control
of one of the operating conditions of the power source
11 and the clutch (not shown) to the operator.
[0093] Once the drive axle system 10 is placed in the
second operating state, the rotational force applied to the
power distribution unit 12 by the power source 11 is dis-
tributed between the first output gear 20 and the second
output gear 24 through the inter-axle differential 19. A
rotational difference of the first output gear 20 and the
second output gear 24 caused by a difference between
the first gear ratio and the second gear ratio is accom-
modated by the inter-axle differential 19. Because the
inter-axle differential 19 accommodates the rotational dif-
ference between the first gear ratio and the second gear

ratio, a cumulative gear ratio is provided: The cumulative
gear ratio is intermediate the first gear ratio and the sec-
ond gear ratio.
[0094] FIG. 5 is a chart illustrating an example of shift-
ing the power distribution unit 12 from a second operating
state to a first operating state. FIG. 5 illustrates a non-
limiting example of shifting the power distribution unit 12
from the second operating state to the first operating
state.
[0095] A horizontal axis shown in FIG. 5 indicates a
duration of time from a first chronological reference point,
A, to a third chronological reference point, C. Chronolog-
ical reference point B occurs between points A and C.
[0096] A vertical axis shown in FIG. 5 indicates a rota-
tional speed of the first output gear 20, the transfer shaft
22, the second output gear 24, and the power source 11.
The vertical axis begins at a rotational speed of zero and
increases as the vertical axis extends away from the hor-
izontal axis. The rotational speed of the power source 11
depicted in FIG. 5 is merely for purposes of example, and
the shifting procedure is not limited to the depicted
speeds.
[0097] Point A indicates a starting time of the shifting
procedure. At point A, the power distribution unit 12 is in
the second operating state. In the second operating state,
the clutch 28 is in the second position. When directed by
the controller 55 or by an operator of the vehicle, the
shifting procedure is initiated by disengaging the axle
clutch 68 and by adjusting the rotational force transferred
to the power distribution unit 12.
[0098] Point A of FIG. 5 indicates the time of the shifting
procedure when the controller 55 commands the second
actuator 74 to move the axle clutch 68 to a disengaged
position. Point B of FIG. 5 indicates the time of the shifting
procedure when the axle clutch 68 is disengaged. As
shown in FIG. 5, the duration of time between points A
and B represents a duration of time after the controller
55 commands the second actuator 74 to disengage the
axle clutch 68 but before the axle clutch 68 is disengaged.
The axle clutch 68 may not immediately disengage due
to a slipping condition of one of the wheels (not shown)
coupled to the second pair of output axle shafts 67. As
shown in FIG. 5, to facilitate disengagement of the axle
clutch 68, a substantially constant rotational speed of the
power source 11 is maintained by the controller 55. When
the axle clutch 68 is disengaged, the second pair of output
axle shafts 67 is drivingly disengaged from the second
output gear 24.
[0099] The step of adjusting the rotational force trans-
ferred to the power distribution unit 12 may be performed
by one of adjusting an operating condition of the power
source 11 and at least partially disengaging a clutch (not
shown) forming a portion of the power source 11. When
the step of adjusting the rotational force transferred to
the power distribution unit 12 is performed by adjusting
the operating condition of the power source 11, the op-
erating condition of the power source 11 may be adjusted
by one of increasing or decreasing a fuel supplied to the
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power source 11. When the rotational force is a positive
rotational force (meaning the power source 11 is applying
a rotational force to the power distribution unit 12) the
fuel supplied to the power source 11 is decreased to re-
duce the rotational force. When the rotational force is a
negative rotational force (meaning the power distribution
unit 12 is applying a rotational force to the power source
11) the fuel supplied to the power source 11 is increased
to increase the rotational force. When the step of one of
reducing and interrupting the rotational force transferred
to the power distribution unit 12 is performed by at least
partially disengaging a clutch or other device (neither are
shown) associated with the power source 11, an amount
of engagement of the clutch or other device (neither are
shown) associated with the power source 11 is de-
creased to reduce the rotational force. Adjusting the ro-
tational force transferred to the power distribution unit 12
as mentioned hereinabove is performed until the rota-
tional force transferred to the power distribution unit 12
is about equal to an amount of rotational force applied
by the power distribution unit 12 to the power source 11.
[0100] When the rotational force transferred to the
power distribution unit 12 is about equal to an amount of
rotational force applied by the power distribution unit 12,
the controller 55 engages the first actuator 57 to move
the clutch 28 from the second position to the third posi-
tion. Point B of FIG. 5 indicates a time in the shifting
procedure when the clutch 28 is placed in the third posi-
tion. As mentioned hereinabove, when the clutch 28 is
placed in the third position, the inter-axle differential 19
is unlocked and the second output gear 24 is disengaged
from the transfer shaft 22, and thus the inter-axle differ-
ential 19. As shown in FIG. 5, between points B and C,
when the clutch 28 is moved to the third position and the
axle clutch 68 is disengaged, the second output gear 24,
the driven gear 70, the inter-axle shaft 64, the bevel gear
pinion 72, the second driving gear 65, and the second
wheel differential 66 coast to the idle condition.
[0101] Once the clutch 28 is placed in the third position,
the controller 55 further engages the first actuator 57 to
move the clutch 28 from the third position to the first po-
sition while simultaneously adjusting a rotational speed
of the power source 11. As shown in FIG. 5, the rotational
speed of the power source 11 is decreased as the first
synchronizer 53 of the clutch 28 acts upon the pinion
carrier 36 but before the clutch 28 is placed in the first
position.
[0102] As a non-limiting example, the rotational speed
of the power source 11 may be decreased by decreasing
a fuel supplied to the power source 11. A shown in FIG.
5, the rotational speed of the power source 11 is de-
creased between points B and C. A near constant rota-
tional speed of the first pair of output axle shafts 62 (as
the vehicle coasts during the shifting procedure) back-
drives the first output gear 20. The first output gear 20,
backdriven at the near constant rotational speed, permits
decreases in the rotational speed of the power source
11 to be directly reflected in the rotational speed of the

transfer shaft 22 through the inter-axle differential 19.
The concurrent rotation of the pinion carrier 36 (as driven
by the input shaft18) and the first output gear 20 retards
the transfer shaft 22 through the plurality of driving pin-
ions 21 to adjust the rotational speed of the transfer shaft
22. The rotational speed of the transfer shaft 22 is ad-
justed to facilitate a smooth engagement of the clutch 28
with the first output gear 20 when the clutch 28 is moved
from the third position to the first position.
[0103] When one of the rotational speed of the power
source 11 and the rotational speed of the transfer shaft
22 are adjusted to facilitate a smooth engagement of the
clutch 28 with the first output gear 20, the controller 55
further engages the first actuator 57 to move the clutch
28 from the third position to the first position. Point C of
FIG. 5 indicates a time in the shifting procedure when
the clutch 28 is placed in the first position. As mentioned
hereinabove, when the clutch 28 is placed in the first
position, the inter-axle differential 19 is locked and the
first output gear 20 is engaged with the input shaft 18
through the inter-axle differential 19 in the locked condi-
tion.
[0104] Following point C, the step of one of increasing
and resuming the rotational force transferred to the power
distribution unit 12 may be performed by one of adjusting
an operating condition of the power source 11 and by
engaging the clutch (not shown) forming a portion of the
power source 11. When the step of increasing the rota-
tional force transferred to the power distribution unit 12
is performed by adjusting the operating condition of the
power source 11, the operating condition of the power
source 11 may be adjusted by increasing the fuel sup-
plied to the power source 11. When the step of increasing
and resuming the rotational force transferred to the power
distribution unit 12 is performed by engaging the clutch
(not shown), the amount of engagement of the clutch (not
shown) associated with the power source 11 is increased
to increase the rotational force. Adjusting the rotational
force transferred to the power distribution unit 12 as men-
tioned hereinabove completes the shifting procedure as
illustrated in FIG. 5, and the controller 55 returns control
of one of the operating conditions of the power source
11 and the clutch (not shown) to the operator.
[0105] FIG. 6 depicts yet another embodiment of the
present invention. The embodiment shown in FIG. 6 is
similar to the embodiment shown in FIG. 1. Similar fea-
tures of the embodiment shown in FIG. 6 are numbered
similarly in series, with the exception of the features de-
scribed below.
[0106] FIG. 6 illustrates a drive axle system 10’ for a
vehicle having a power source 11’. The drive axle system
10’ preferably includes a power distribution unit 612, a
first axle assembly 14’, and a second axle assembly 16’.
The drive axle system 10’ is drivingly engaged with a
power source 11’. As shown, the drive axle system 10’
includes the three assemblies 612, 14’, 16’, but it is un-
derstood the drive axle system 10’ may include fewer or
more assemblies or components.
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[0107] The power distribution unit 612 includes an in-
put shaft 618, an inter-axle differential 619, a first output
gear 620, a plurality of driving pinions 621, a transfer
shaft 622, a second output gear 624, and a clutch 628.
As shown, power distribution unit 612 includes the seven
components 618, 619, 620, 621, 622, 624, 628 disposed
in a housing 30’ but it is understood the power distribution
unit 612 may include fewer or more components.
[0108] The tandem drive axle system 10’ includes the
input shaft 618 at least partially disposed in the housing
30’. Preferably, the input shaft 618 is an elongate cylin-
drical member, however the input shaft 618 may be any
other shape. Bearings 32’ disposed between the input
shaft 618’ and the housing 30’ and the input shaft 618
and the transfer shaft 622 permit the input shaft 618 to
rotate about an axis of the input shaft 618. The input shaft
618 has a first end portion 633, having a first set of clutch
teeth 637 formed thereon, a middle portion 634, and a
second end portion 635, having a pinion carrier 636 dis-
posed thereon.
[0109] The first end portion 633 has a diameter greater
than a diameter of the middle portion 634. The first end
portion 633 is a substantially disc shaped body drivingly
coupled to the input shaft 618. Alternately, the first end
portion 633 may be integrally formed with the input shaft
618. The first end portion 633 includes an engagement
portion 638 formed therein adjacent an outer peripheral
edge thereof. As shown, the engagement portion 638 is
a conical surface oblique to the input shaft 618, however,
the engagement portion 638 may have any other shape.
The first set of clutch teeth 637 are formed on the first
end portion 633 intermediate the input shaft 618 and the
engagement portion 638.
[0110] The pinion carrier 636 is a substantially disc
shaped body having a plurality of pinion supports 639
protruding therefrom adjacent a peripheral edge of the
pinion carrier 636, however, the pinion carrier 636 may
be any other rounded shape and may have a plurality of
recesses or perforations formed therein. As is known in
the art, the pinion carrier 636 is also known as a planet
carrier.
[0111] The plurality of driving pinions 621 are rotatably
coupled to the pinion supports 639. Each of the driving
pinions 621 have gear teeth formed on an outer surface
thereof. As is known in the art, each of the driving pinions
621 is also known as a planet gear. Preferably, bearings
are disposed between each of the driving pinions 621
and the pinion supports 639, however, the driving pinions
621 may be directly mounted on the pinion supports 639.
[0112] The transfer shaft 622 is a hollow shaft concen-
trically disposed about the input shaft 618. Preferably,
the transfer shaft 622 is a hollow elongate cylindrical
member, however the transfer shaft 622 may be any oth-
er shape. Bearings 32’ disposed between the transfer
shaft 622 and the housing 30’ and the input shaft 618
and the transfer shaft 622 permit the transfer shaft 622
to rotate about an axis of the transfer shaft 622. The axis
of the transfer shaft 622 is concurrent with the axis of the

input shaft 618. The transfer shaft 622 has a first end
portion 643, having a first set of clutch teeth 644 formed
on an outer surface thereof, and a second end portion
645, having a second set of gear teeth 646 formed on an
outer surface thereof.
[0113] The first end portion 643 and the second end
portion 645 are substantially disc shaped bodies having
an outer diameter greater than a diameter of the transfer
shaft 622. The first end portion 643 and the second end
portion 645 are drivingly coupled to the transfer shaft
622. Alternately, the first end portion 643 and the second
end portion 645 may be integrally formed with the transfer
shaft 622 and may have a diameter substantially equal
to the transfer shaft 622. Similarly, the first set of clutch
teeth 644 and the second set of clutch teeth 646 may be
formed directly in the transfer shaft 622. As is known in
the art, the second end portion 645 having the clutch
teeth 646 is known as a sun gear. The second set of
clutch teeth 646 are engaged with the plurality of driving
pinions 621 and the first set of clutch teeth 644 are dis-
posed adjacent the first set of clutch teeth 637 of the input
shaft 618.
[0114] The second output gear 624 is a gear concen-
trically disposed about the input shaft 618 and the transfer
shaft 622. The second output gear 624 has a central per-
foration having a diameter greater than a diameter of the
transfer shaft 622. The second output gear 624 is a sub-
stantially disc shaped body having a first end portion 647,
a second end portion 648 defining an outer diameter of
the second output gear 624, and an engagement portion
649. Bearings (not shown) disposed between the transfer
shaft 622 and the second output gear 624 permit the
second output gear 624 to rotate about an axis of the
second output gear 624. The axis of the second output
gear 624 is concurrent with the axis of the input shaft
618. A first set of clutch teeth 650 are formed on the first
end portion 647 adjacent the first set of clutch teeth 644
of the transfer shaft 622. A second set of gear teeth 651
are formed on the second end portion 648.
[0115] The engagement portion 649 is formed in the
second output gear 624 intermediate the first end portion
647 and the second end portion 648. As shown, the en-
gagement portion 649 is a conical surface oblique to the
input shaft 618; however, the engagement portion 649
may have any other shape.
[0116] The clutch 628 is a shift collar concentrically
disposed about the input shaft 618 and the transfer shaft
622. The clutch 628 includes a set of inner clutch collar
teeth 652 formed on an inner surface thereof, a first syn-
chronizer 653, and a second synchronizer 654. The set
of inner clutch collar teeth 652 are engaged with the first
set of clutch teeth 644 of the transfer shaft 622. The clutch
628 can be slidably moved along the axis of the input
shaft 618 as directed automatically by the controller 55’
while maintaining engagement of the inner clutch collar
teeth 652 and the first set of clutch teeth 644. A shift fork
56’ disposed in an annular recess formed in the clutch
628 moves the clutch 628 along the axis of the input shaft
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618 into a first position, a second position, or a third po-
sition. The first actuator 57’, which is drivingly engaged
with the shift fork 56’, is engaged to position the shift fork
56’ as directed manually by the controller 55’. Conse-
quently, the shift fork 56’ positions the clutch 628 into the
first position, the second position, or the third position. In
the first position, the clutch 628 is drivingly engaged with
the first set of clutch teeth 644 of the transfer shaft 622
and the first set of clutch teeth 637 of the input shaft 618.
In the second position, the clutch 628 is drivingly engaged
with the first set of clutch teeth 644 of the transfer shaft
622 and the first set of clutch teeth 650 of the second
output gear 624. In the third position, the inner clutch
collar teeth 652 of the clutch 628 are only drivingly en-
gaged with the first set of clutch teeth 644 of the transfer
shaft 622. It is understood the clutch 628, the clutch teeth
637, 644, 650, 652, the synchronizers 653, 654, and the
engagement portions 638, 649 may be substituted with
any clutching device that permits selective engagement
of a driving and a driven part
[0117] The first synchronizer 653 is an annular body
coupled to the clutch 628 adjacent the first end portion
633 of the input shaft 618. The first synchronizer 653 has
a first conical engagement surface 658. Alternately, the
first synchronizer 653 may have an engagement surface
having any other shape. When the clutch 628 is moved
from the third position towards the first position, the first
conical engagement surface 658 contacts the engage-
ment portion 638 of the first end portion 633 of the input
shaft 618, causing the clutch 628 to act upon the input
shaft 618. When the clutch 628 is moved towards the
first set of clutch teeth 637 of the input shaft 618, the
clutch 628 continues to act upon the input shaft 618 as
the inner clutch collar teeth 652 become drivingly en-
gaged with the first set of clutch teeth 644 of the transfer
shaft 622 and the first set of clutch teeth 637 of the input
shaft 618.
[0118] The second synchronizer 654 is an annular
body coupled to the clutch 628 adjacent the first end por-
tion 647 of the second output gear 624. The second syn-
chronizer 654 has a second conical engagement surface
659. Alternately, the second synchronizer 654 may have
an engagement surface having any other shape. When
the clutch 628 is moved from the third position into the
second position, the second conical engagement surface
659 contacts the engagement portion 649 of the first end
portion 647 of the second output gear 624. When the
clutch 628 is moved further towards the first set of clutch
teeth 650 of the second output gear 624, the clutch 628
continues to act upon the second output gear 624 as the
inner clutch collar teeth 652 become drivingly engaged
with the first set of clutch teeth 644 of the transfer shaft
622 and the first set of clutch teeth 650 of the second
output gear 24.
[0119] The first output gear 620 is a gear concentrically
disposed about the input shaft 618 and the pinion carrier
636. The first output gear 620 has a central recess having
a diameter greater than an outer diameter of the pinion

carrier 636. The first output gear 620 is a substantially
cup shaped body having an inner surface having gear
teeth 640 formed on. As is known in the art, the first output
gear 620 is known as a ring gear. The gear teeth 640 are
engaged with the gear teeth formed on the outer surface
of each of the driving pinions 621.
[0120] The first output gear 620 includes an output
shaft 641 drivingly coupled thereto. Alternately, the first
output gear 620 may be integrally formed with the output
shaft 641. The output shaft 641 is collinear with the input
shaft 618. Bearings 32’ disposed between the output
shaft 641 and the housing 30’ support the first output
gear 620 and permit the output shaft 641 to rotate about
an axis of the output shaft 641.
[0121] An axle clutch 668 is a shift collar having a con-
ical engagement surface that divides one of the second
output axle shafts 67’ into first and second portions. Al-
ternately, the axle clutch 668 may be a plate style clutch
or any other style of friction clutch. The axle clutch 668
has a plurality of teeth formed thereon for selectively en-
gaging corresponding teeth formed on the first portion
and the second portion of the second output axle shafts
67’. The axle clutch 668 is urged into an engaged position
or a disengaged position by a shift fork 73’. A second
actuator 74’, which is drivingly engaged with the shift fork
73’, is engaged to position the shift fork 73’, and thus the
axle clutch 668, as directed by the controller 55’. When
the axle clutch 668 is in the engaged position, the first
portion of one of the second output axle shafts 67’ is
drivingly engaged with the second portion of one of the
second output axle shafts 67’.
[0122] The axle clutch 668 may be selectively engaged
to impart energy to a lubricant disposed within the second
axle housing 69’. Preferably, when the axle clutch 668 is
used to impart energy to the lubricant disposed within
the second axle housing 69’, the axle clutch 668 is a
clutch capable of acting upon on a connecting component
in a variable manner, such as a shift collar having a con-
ical engagement surface. When the axle clutch 668 is
used to impart energy to the lubricant disposed within
the second axle housing 69’, the controller 55’ one of
engages and partially engages the axle clutch 668 until
a temperature of the second axle assembly 16’ is above
a predetermined value. As a non-limiting example, the
predetermined value may be about 20° Fahrenheit.
[0123] The axle clutch 668 and the clutch 628 may be
simultaneously used to impart energy to the lubricant dis-
posed within the second axle housing 69’. When the axle
clutch 668 and the clutch 628 are simultaneously used
to impart energy to the lubricant disposed within the sec-
ond axle housing, the axle clutch 668 cooperates with
the clutch 628 to adjust the rotational speed of the second
output gear 624, the driven gear 70’, the inter-axle shaft
64’, the second driving gear 65’, and the second wheel
differential 66’ to one of the predetermined speed and a
target speed.
[0124] In use, the method for use of the drive axle sys-
tem 10’ facilitates shifting from the first operating state
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to the second operating state. Similarly, the shifting pro-
cedures described above for use with the drive axle sys-
tem 10, may be used with the drive axle system 10’, ac-
commodating for the differences of the embodiment
shown in FIG. 6 as described hereinabove.
[0125] In accordance with the provisions of the patent
statutes, the present invention has been described in
what is considered to represent its preferred embodi-
ments. However, it should be noted that the invention
can be practiced otherwise than as specifically illustrated
and described without departing from its scope.

Claims

1. A method of shifting a power distribution unit (12) for
a vehicle from a first operating state to a second op-
erating state, the method comprising the steps of:

drivingly engaging a first axle assembly (14) with
a first output (20) of the power distribution unit
(12);
drivingly engaging an input (18) of the power
distribution unit (12) with a first output of a power
source (11), the power distribution unit (12) in-
cluding the first output (20) and a first clutching
device (28) having a first position and a second
position, the first clutching device (28) in the first
position engaging the output with the input (18)
of the power distribution unit (12) and disengag-
ing a portion of the power distribution unit (12),
the first clutching device (28) in the second po-
sition engaging the output;
placing the first clutching device (28) in one of
the first position and the second position;
applying a rotational force to the input (18) of
the power distribution unit (12);
adjusting the rotational force transferred to the
power distribution unit (12) to facilitate moving
the first clutching device (28);
moving the first clutching device (28) from one
of the first position and the second position to a
third position;
adjusting a rotational speed of the input (18) of
the power distribution unit (12) to facilitate mov-
ing the first clutching device (28) from the third
position; and
moving the first clutching device (28) from the
third position to one of the first and second po-
sitions.

2. The method according to claim 1, further comprising
the step of drivingly engaging a second axle assem-
bly (16) with a second output (24) of the power dis-
tribution unit (12), wherein the power distribution unit
(12) further includes an inter-axle differential (19),
the first clutching device (28) in the first position lock-
ing the inter-axle differential (19), engaging the first

output (20) with the input (18) of the power distribu-
tion unit (12), and disengaging the second output
(24) from the inter-axle differential (19), the first
clutching device (28) in the second position unlock-
ing the inter-axle differential (19) and engaging the
first output (20) and the second output (24) with the
inter-axle differential (19), the first clutching device
(28) in the third position neither locking the inter-axle
differential (19) nor engaging the second output (24)
with the inter-axle differential (19), and further com-
prising the step of:

adjusting the rotational force transferred to the
power distribution unit (12).

3. The method according to claim 2, wherein the inter-
axle differential (19) is a planetary differential com-
prising a carrier (36) drivingly engaged with the input
(18) of the power distribution unit (12), a plurality of
driving pinions rotatably disposed on the carrier (36),
a ring gear (40) drivingly engaged with the first output
(20) of the power distribution unit (12), and a sun
gear (22) selectively drivingly engaged with the sec-
ond output (24) of the power distribution unit (12).

4. The method according to claim 3, wherein the first
clutching device (28) comprises a shift collar in
splined engagement with a portion of the sun gear
(22), a first synchronizer (53), and a second synchro-
nizer (54), the first synchronizer (53) acting upon the
carrier (36) as the first clutching device (28) is moved
towards the first position and the second synchro-
nizer (54) acting upon the second output (24) as the
first clutching device (28) is moved towards the sec-
ond position.

5. The method according to claim 3, wherein the first
clutching device (28) comprises a shift collar in
splined engagement with a portion of the sun gear
(22) and a synchronizer, the synchronizer acting up-
on the second output (24) as the first clutching device
(28) is moved towards the second position.

6. The method according to claim 3, further comprising
the step of providing a controller (55) in communica-
tion with a first clutching device actuator (57) and at
least one sensor (75), the at least one sensor (75)
for monitoring at least one of an operating condition
of the power source (11), a temperature of the sec-
ond axle assembly (16), a speed of the sun gear
(22), a speed of the second output gear, a speed of
a portion of the second axle assembly (16), an
amount of the rotational force transferred to the pow-
er distribution unit (12), a position of a second clutch-
ing device (68) for selectively disengaging a first por-
tion of the second axle assembly (16) from a second
portion of the second axle assembly (16), and a po-
sition of the first clutching device (28) to adjust at
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least one of the operating condition of the power
source (11), the position of the first clutching device
(28) and the second clutching device (68), and a du-
ration between successive positions of the first
clutching device (28) based on at least one of the
operating condition of the power source (11), the
temperature of the second axle assembly (16), the
speed of the sun gear (22), a speed of the second
output gear, a speed of a portion of the second axle
assembly (16), the amount of the rotational force
transferred to the power distribution unit (12), and
the position of the first clutching device (28) and the
second clutching device (68).

7. The method according to claim 2, wherein the step
of one of adjusting the rotational force transferred to
the power distribution unit (12) may be performed by
adjusting an operating condition of the power source
(11),

8. The method according to claim 2, wherein following
the step of moving the first clutching device (28) from
one of the first position and the second position, the
step of adjusting the rotational speed of the input of
the power source (11) is performed by adjusting an
operating condition of the power source (11) is ad-
justed.

9. The method according to claim 2, wherein the first
output (20) is a first output gear and the second out-
put (24) is a second output gear.

10. The method according to claim 2, wherein the first
clutching device (28) is selectively engaged to adjust
a rotational speed of a portion of the second axle
assembly (16).

11. The method according to claim 2, further comprising
the step of moving the first clutching device (28) from
the third position to the second position when a tem-
perature of the second axle assembly (16) is above
a predetermined value.

12. The method according to claim 2, wherein following
the step of moving the first clutching device (28) to
the third position, the step of adjusting the rotational
speed of the input (18) of the power distribution unit
(12) is performed by adjusting a rotational speed of
the power source (11).

13. The method according to claim 12, further compris-
ing the step of maintaining a substantially constant
rotational speed of the power source (11) once one
of a predetermined speed and a target speed is ob-
tained and moving the first clutching device (28) from
the third position to one of the first and second po-
sitions.

14. The method according to claim 13, wherein one of
the predetermined speed and the target speed of the
power source (11) causes a sun gear (22) forming
a portion of the inter-axle differential (19) and the
second output (24) to rotate at speeds permitting
meshing engagement therebetween with the first
clutching device (28).

15. The method according to claim 2, wherein the sec-
ond axle assembly (16) further includes a second
clutching device (68), the second clutching device
(68) selectively disengaging a first portion of the sec-
ond axle assembly (16) from a second portion of the
second axle assembly (16).

16. The method according to claim 15, wherein the step
of moving the first clutching device (28) from the third
position to the second position partially engages the
second output (24) and the first portion of the second
axle assembly (16) to adjust a rotational speed of
the second output (24) and the first portion of the
second axle assembly (16) to one of a target speed
and an idle condition, the target speed facilitating
engagement between the first portion of the second
axle assembly (16) and the second portion of the
second axle assembly (16) with the second clutching
device (68).

17. The method according to claim 15, wherein the sec-
ond clutching device (668) is selectively engaged to
impart energy to a lubricant disposed within the sec-
ond axle assembly (16’).

18. The method according to claim 17, further compris-
ing the step of engaging the second clutching device
(68) when a temperature of the second axle assem-
bly (16) is above a predetermined value.

19. The method according to claim 15, wherein the first
clutching device (628) and the second clutching de-
vice (668) are simultaneously engaged to adjust a
rotational speed of a portion of the second axle as-
sembly (16’).

20. The method according to claim 2, wherein the step
of placing the first clutching device (28) in one of the
first position and the second position is performed
by placing the first clutching device (28) in the first
position,
the step of adjusting the rotational force transferred
to the power distribution unit (12) is performed by
one of reducing and interrupting the rotational force
transferred to the power distribution unit (12),
and the step of moving the first clutching device (28)
from one of the first position and the second position
to a third position is performed by moving the first
clutching device (28) from the first position to a third
position, the first clutching device (28) in the third
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position unlocking the inter-axle differential (19), and
further comprising the step of
adjusting a rotational speed of a first portion of the
second axle assembly (16) to a target speed, the
target speed facilitating engagement between the
first portion of the second axle assembly (16) and a
second portion of the second axle assembly (16) and
then moving the first clutching device (28) from the
third position to the second position and one of in-
creasing and resuming the rotational force trans-
ferred to the power distribution unit (12).

21. The method according to claim 20, wherein the inter-
axle differential (19) is a planetary differential com-
prising a carrier (36) drivingly engaged with the input
(18) of the power distribution unit (12), a plurality of
driving pinions rotatably disposed on the carrier (36),
a ring gear (40) drivingly engaged with the first output
(20) of the power distribution unit (12), and a sun
gear (22) selectively drivingly engaged with the sec-
ond output (24) of the power distribution unit (12).

22. The method according to claim 21, wherein the first
clutching device (28) comprises a shift collar in
splined engagement with a portion of the sun gear
(22), a first synchronizer (53), and a second synchro-
nizer (54), the first synchronizer (53) acting upon the
carrier (36) as the first clutching device (28) is moved
towards the first position and the second synchro-
nizer (54) acting upon the second output (24) as the
first clutching device (28) is moved towards the sec-
ond position.

23. The method according to claim 21, wherein the first
clutching device (28) comprises a shift collar in
splined engagement with a portion of the sun gear
(22) and a synchronizer, the synchronizer acting up-
on the second output (24) as the first clutching device
(28) is moved towards the second position.

24. The method according to claim 21, further compris-
ing the step of providing a controller (55) in commu-
nication with a first clutching device actuator (57) and
at least one sensor (75), the at least one sensor (75)
for monitoring at least one of an operating condition
of the power source (11), a temperature of the sec-
ond axle assembly (16), a speed of the sun gear
(22), a speed of the second output gear, a speed of
a portion of the second axle assembly (16), an
amount of the rotational force transferred to the pow-
er distribution unit (12), a position of a second clutch-
ing device (68) for selectively disengaging the first
portion of the second axle assembly (16) from the
second portion of the second axle assembly (16),
and a position of the first clutching device (28) to
adjust at least one of the operating condition of the
power source (11), the position of the first clutching
device (28) and the second clutching device (68),

and a duration between successive positions of the
first clutching device (28) based on at least one of
the operating condition of the power source (11), the
temperature of the second axle assembly (16), the
speed of the sun gear (22), a speed of the second
output gear, a speed of a portion of the second axle
assembly (16), the amount of the rotational force
transferred to the power distribution unit (12), and
the position of the first clutching device (28) and the
second clutching device (68).

25. The method according to claim 20, wherein the step
of one of reducing and interrupting the rotational
force transferred to the power distribution unit (12)
may be performed by adjusting an operating condi-
tion of the power source (11).

26. The method according to claim 20, wherein following
the step of moving the first clutching device (28) from
the first position to the third position, the step of ad-
justing the rotational speed of the input (18) of the
power distribution unit (12) is performed by adjusting
an operating condition of the power source (11).

27. The method according to claim 20, wherein the first
output (20) is a first output gear and the second out-
put (24) is a second output gear.

28. The method according to claim 20, wherein the step
of adjusting a rotational speed of a first portion of the
second axle assembly (16) is performed by selec-
tively engaging the first clutching device (28).

29. The method according to claim 20, further compris-
ing the step of moving the first clutching device (28)
from the third position to the second position when
a temperature of the second axle assembly (16) is
above a predetermined value.

30. The method according to claim 20, wherein following
the step of moving the first clutching device (28) to
the third position, the step of adjusting the rotational
speed of the input (18) of the power distribution unit
(12) is performed by adjusting a rotational speed of
the power source (11).

31. The method according to claim 30, further compris-
ing the step of maintaining a substantially constant
rotational speed of the power source (11) once one
of a predetermined speed and a target speed is ob-
tained and moving the first clutching device (28) from
the third position to the second position.

32. The method according to claim 31, wherein one of
the predetermined speed and the target speed of the
power source (11) causes a sun gear (22) forming
a portion of the inter-axle differential (19) and the
second output (24) to rotate at speeds permitting
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meshing engagement therebetween with the first
clutching device (28).

33. The method according to claim 20, wherein the sec-
ond axle assembly (16) further includes a second
clutching device (68), the second clutching device
(68) selectively disengaging the first portion of the
second axle assembly (16) from the second portion
of the second axle assembly (16).

34. The method according to claim 33, wherein the step
of moving the first clutching device (28) from the third
position to the second position partially engages the
second output (24) and the first portion of the second
axle assembly (16) to adjust a rotational speed of
the second output (24) and the first portion of the
second axle assembly (16) to the target speed, the
target speed facilitating engagement between the
first portion of the second axle assembly (16) and
the second portion of the second axle assembly (16)
with the second clutching device (68).

35. The method according to claim 33, wherein the sec-
ond clutching device (668) is selectively engaged to
impart energy to a lubricant disposed within the sec-
ond axle assembly (16’).

36. The method according to claim 35, further compris-
ing the step of engaging the second clutching device
(668) when a temperature of the second axle assem-
bly (16’) is above a predetermined value.

37. The method according to claim 33, wherein the first
clutching device (628) and the second clutching de-
vice (668) are simultaneously engaged to adjust a
rotational speed of a portion of the second axle as-
sembly (16’).

38. The method according to claim 2, the first axle as-
sembly (14) includes a first pair of output axle shafts
(62), a first differential (61) drivingly engaged with
the first pair of output axle shafts (62), and a first
driving gear (60) coupled to the first differential (61),
the first axle assembly (14) having a first gear ratio
and the second axle assembly (16) includes a sec-
ond pair of output axle shafts (67), a second differ-
ential (66) selectively drivingly engaged with the sec-
ond pair of output axle shafts (67), a second driving
gear (65) coupled to the second differential (66), and
an inter-axle shaft (64) drivingly engaged with the
second driving gear (65), the second axle assembly
(16) having a second gear ratio and
the step of adjusting the rotational force transferred
to the power distribution unit (12) is performed by
one of reducing and interrupting the rotational force
transferred to the power distribution unit (12),
the step of placing the first clutching device (28) in
one of the first position and the second position is

performed by placing the first clutching device (28)
in the first position,
the step of adjusting the rotational force transferred
to the power distribution unit (12) to facilitate moving
the first clutching device (28) is performed by one of
reducing and interrupting the rotational force trans-
ferred to the power distribution unit (12),
the step of moving the first clutching device (28) from
one of the first positon and the second posiotn to a
third position is performed by moving the first clutch-
ing device (28) from the first position to a third posi-
tion,
the step of moving the first clutching device (28) from
the third position to one of the first and second po-
sitions is performed by moving the first clutching de-
vice (28) from the third position to the second posi-
tion, the first clutching device (28) in the second po-
sition engaging the second output (24) with the inter-
axle shaft (64), the second driving gear (65), and the
second differential (66),
the step of adjusting the rotational force transferred
to the power distribution unit (12) is performed by
one of increasing and resuming the rotational force
transferred to the power distribution unit (12), and
further comprising the steps of;
adjusting a rotational speed of the second output
(24), the inter-axle shaft (64), the second driving gear
(65), and the second differential (66) to a target
speed, the target speed facilitating engagement be-
tween the second differential (66) and the second
pair of output axle shafts (67),
distributing the rotational force between the first out-
put (20) and the second output (24) through the inter-
axle differential (19), and
accommodating a rotational difference of the first
output (20) and the second output (24) caused by a
difference between the first gear ratio and the second
gear ratio with the inter-axle differential (19), wherein
the accomodating of the rotational difference be-
tween the first output (20) and the second output (24)
provides a cumulative gear ratio for the first axle as-
sembly (14) and the second axle assembly (16), the
cumulative gear ratio intermediate the first gear ratio
and the second gear ratio.

39. The method according to claim 38, wherein the sec-
ond gear ratio Is different from the first gear ratio.

40. The method according to claim 38, wherein the sec-
ond axle assembly (16) further includes a second
clutching device (68), the second clutching device
(68) selectively disengaging a portion of one of the
second pair of output axle shafts from a remaining
portion of the one of the second pair of output axle
shafts.

41. The method according to claim 40, wherein the inter-
axle differential (19) is a planetary differential com-
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prising a carrier (36) drivingly engaged with the input
(18) of the power distribution unit (12), a plurality of
driving pinions rotatably disposed on the carrier (36),
a ring gear (40) drivingly engaged with the first output
(20) of the power distribution unit (12), and a sun
gear (22) selectively drivingly engaged with the sec-
ond output (24) of the power distribution unit (12).

42. The method according to claim 41, wherein the first
clutching device comprises a shift collar in splined
engagement with a portion of the sun gear (22), a
first synchronizer (53), and a second synchronizer
(54), the first synchronizer (53) acting upon the car-
rier (36) as the first clutching device (28) is moved
towards the first position and the second synchro-
nizer (54) acting upon the second output (24) as the
first clutching device (28) is moved towards the sec-
ond position.

43. The method according to claim 42, wherein the ro-
tational speed of the second output (24), the inter-
axle shaft (64), the second driving gear, and the sec-
ond differential are adjusted to the target speed as
the first clutching device (28) is moved towards the
second position, a concurrent rotation of the carrier
(36) and the ring gear (40) driving the sun gear (22)
through the plurality of driving pinions to adjust the
rotational speed of the second output (24), the inter-
axle shaft, the second driving gear, and the second
differential, the second clutching device (68) placed
in an engaged position when the rotational speed of
the second output (24), the inter-axle shaft, the sec-
ond driving gear, and the second differential are ad-
justed to the target speed.

44. The method according to claim 2, wherein the sec-
ond axle assembly (16’) includes an axle clutch
(668), the axle clutch (668) selectively disengaging
a portion of one of a second pair of output axle shafts
(67’) from a remaining portion of the one of the sec-
ond pair of output axle shafts (67’) and wherein the
step of placing the first cluthing device (628) in one
of the first position and the second position is per-
formed by placing the first clutching device (628) in
the first position the step of moving the first clutching
device (628) from one of the first position and the
second position to a third position is performed by
moving the first clutching device (628) from the first
position to a third position, and the step of moving
the first clutching device (628) from the third position
to one of the first and second positions is performed
by moving the first clutching device (628) from the
third position to the second position, and further com-
prising the step of:

imparting energy to a lubricant disposed within
the second axle assembly (16) by selectively en-
gaging the axle clutch (668).

Patentansprüche

1. Verfahren zum Verschieben einer Energievertei-
lungseinheit (12) für ein Fahrzeug von einem ersten
Betriebszustand zu einem zweien Betriebszustand,
welches Verfahren die Schritte aufweist:

antriebsmäßiges Ineingriffbringen einer ersten
Achsenanordnung (14) mit einem ersten Aus-
gang (20) der Energieverteilungseinheit (12);
antriebsmäßiges Ineingriffbringen eines Ein-
gangs (18) der Energieverteilungseinheit (12)
mit einem ersten Ausgang einer Energiequelle
(11), wobei die Energieverteilungseinheit (12)
den ersten Ausgang (20) und eine erste Kupp-
lungsvorrichtung (28) mit einer ersten Position
und einer zweiten Position enthält, und die erste
Kupplungsvorrichtung (28) in der ersten Positi-
on den Ausgang mit dem Eingang (18) der En-
ergieverteilungseinheit (12) bringt und einen Be-
reich der Energieverteilungseinheit (12) außer
Eingriff bringt, und die erste Kupplungsvorrich-
tung (28) in der zweiten Position in Eingriff mit
dem Ausgang ist;
Anordnen der ersten Kupplungsvorrichtung (28)
in einer von der ersten Position und der zweiten
Position;
Ausüben einer Drehkraft auf den Eingang (18)
der Energieverteilungseinheit (12);
Einstellen der zu der Energieverteilungseinheit
(12) übertragenen Drehkraft, um eine Bewe-
gung der ersten Kupplungsvorrichtung (28) zu
erleichtern;
Bewegen der ersten Kupplungsvorrichtung (28)
von einer von der ersten Position und der zwei-
ten Position zu einer dritten Position;
Einstellen einer Drehgeschwindigkeit des Ein-
gangs (18) der Energieverteilungseinheit (12),
um eine Bewegung der ersten Kupplungsvor-
richtung (28) von der dritten Position weg zu er-
leichtern; und
Bewegen der ersten Kupplungsvorrichtung (28)
von der dritten Position zu einer von der ersten
und der zweiten Position.

2. Verfahren nach Anspruch 1, weiterhin aufweisend
den Schritt des antriebsmäßigen Ineingriffbringens
einer zweiten Achsenanordnung (16) mit einem
zweiten Ausgang (24) der Energieverteilungseinheit
(12), wobei die Energieverteilungseinheit (12) wei-
terhin ein Zwischenachsdifferential (19) enthält, die
erste Kupplungsvorrichtung (28) in der ersten Posi-
tion das Zwischenachsdifferential (19) verriegelt,
den ersten Ausgang (20) mit dem Eingang (18) der
Energieverteilungseinheit (12) in Eingriff bringt und
den zweiten Ausgang (24) und das Zwischenachs-
differential (19) außer Eingriff bringt, die erste Kupp-
lungsvorrichtung (28) in der zweiten Position das
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Zwischenachsdifferential (19) entriegelt und den
ersten Ausgang (20) und den zweiten Ausgang (24)
mit dem Zwischenachsdifferential (19) in Eingriff
bringt, die erste Kupplungsvorrichtung (28) in der
dritten Position weder das Zwischenachsdifferential
(19) verriegelt noch den zweiten Ausgang (24) mit
dem Zwischenachsdifferential (19) in Eingriff bringt,
und den weiterhin den Schritt aufweisend:

Einstellen der zu der Energieverteilungseinheit
(12) übertragenen Drehkraft.

3. Verfahren nach Anspruch 2, bei dem das Zwischen-
achsdifferential (19) ein Planetendifferential ist, das
einen Träger (36), der antriebsmäßig in Eingriff mit
dem Eingang (18) der Energieverteilungseinheit (12)
ist, mehrere Antriebsritzel, die drehbar auf dem Trä-
ger (36) angeordnet sind, ein Ringzahnrad (40), das
antriebsmäßig mit dem ersten Ausgang (20) der En-
ergieverteilungseinheit (12) in Eingriff ist, und ein
Sonnenrad (22), das in selektivem antriebsmäßigem
Eingriff mit dem zweiten Ausgang (24) der Energie-
verteilungseinheit (12) ist, aufweist.

4. Verfahren nach Anspruch 3, bei dem die erste Kupp-
lungsvorrichtung (28) einen Verschiebekragen in
Keileingriff mit einem Bereich des Sonnenrads (22),
einen ersten Synchronisator (53) und einen zweiten
Synchronisator (54) aufweist, wobei der erste Syn-
chronisator (53) auf den Träger (36) einwirkt, wenn
die erste Kupplungsvorrichtung (28) zu der ersten
Position hin bewegt wird, und der zweite Synchroni-
sator (54) auf den zweiten Ausgang (24) einwirkt,
wenn die erste Kupplungsvorrichtung (28) zu der
zweiten Position hin bewegt wird.

5. Verfahren nach Anspruch 3, bei dem die erste Kupp-
lungsvorrichtung (28) einen Verschiebekragen in
Keileingriff mit einem Bereich des Sonnenrads (22)
und einen Synchronisator aufweist, wobei der Syn-
chronisator auf den zweiten Ausgang (24) einwirkt,
wenn die erste Kupplungsvorrichtung (28) zu der
zweiten Position hin bewegt wird.

6. Verfahren nach Anspruch 3, weiterhin aufweisend
den Schritt des Anordnens einer Steuervorrichtung
(55) in Verbindung mit einem ersten Aktuator (57)
für die erste Kupplungsvorrichtung und zumindest
eines Sensors (75), wobei der zumindest eine Sen-
sor (75) zur Überwachung von zumindest einer von
einer Betriebsbedingung der Energiequelle (11), ei-
ner Temperatur der zweiten Achsenanordnung (16),
einer Geschwindigkeit des Sonnenrads (22), einer
Geschwindigkeit des zweiten Ausgangszahnrads,
einer Geschwindigkeit eines Bereichs der zweiten
Achsenanordnung (16), einer Größe der zu der En-
ergieverteilungseinheit (12) übertragenen Drehkraft,
einer Position einer zweiten Kupplungsvorrichtung

(68) zum selektiven Außereingriffbringen eines ers-
ten Bereichs der zweiten Achsenanordnung (16) und
eines zweiten Bereichs der zweiten Achsenanord-
nung (16) und einer Position der ersten Kupplungs-
vorrichtung (28) zum Einstellen von zumindest einer
von der Betriebsbedingung der Energiequelle (11),
der Position der ersten Kupplungsvorrichtung (28)
und der zweiten Kupplungsvorrichtung (68) und ei-
ner Dauer zwischen aufeinanderfolgenden Positio-
nen der ersten Kupplungsvorrichtung (28) auf der
Grundlage von zumindest einer von der Betriebsbe-
dingung der Energiequelle (11), der Temperatur der
zweiten Achsenanordnung (16), der Geschwindig-
keit des Sonnenrads (22), einer Geschwindigkeit
des zweiten Ausgangszahnrads, einer Geschwin-
digkeit eines Bereichs der zweiten Achsenanord-
nung (16), der Größe der zu der Energieverteilungs-
einheit (12) übertragenen Drehkraft und der Position
der ersten Kupplungsvorrichtung (28) und der zwei-
ten Kupplungsvorrichtung (68) dient.

7. Verfahren nach Anspruch 2, bei dem der Schritt des
Einstellens der zu der Energieverteilungseinheit (12)
übertragenen Drehkraft durch Einstellen einer Be-
triebsbedingung der Energiequelle (11) durchge-
führt werden kann.

8. Verfahren nach Anspruch 2, bei dem, folgend dem
Schritt des Bewegens der ersten Kupplungsvorrich-
tung (28) von einer von der ersten Position und der
zweiten Position weg, der Schritt des Einstellens der
Drehgeschwindigkeit des Eingangs der Energie-
quelle (11) durch Einstellen einer Betriebsbedingung
der Energiequelle (11) durchgeführt wird.

9. Verfahren nach Anspruch 2, bei dem der erste Aus-
gang (20) ein erstes Ausgangszahnrad ist und der
zweite Ausgang (24) ein zweites Ausgangszahnrad
ist.

10. Verfahren nach Anspruch 2, bei dem die erste Kupp-
lungsvorrichtung (28) in selektivem Eingriff ist, um
eine Drehgeschwindigkeit eines Bereichs der zwei-
ten Achsenanordnung (16) einzustellen.

11. Verfahren nach Anspruch 2, weiterhin aufweisend
den Schritt des Bewegens der ersten Kupplungsvor-
richtung (28) aus der dritten Position in die zweite
Position, wenn eine Temperatur der zweiten Ach-
senanordnung (16) oberhalb eines vorbestimmten
Werts ist.

12. Verfahren nach Anspruch 2, bei dem, folgend dem
Schritt des Bewegens der ersten Kupplungsvorrich-
tung (28) in die dritte Position, der Schritt des Ein-
stellens der Drehgeschwindigkeit des Eingangs (18)
der Energieverteilungseinheit (12) durch Einstellen
einer Drehgeschwindigkeit der Energiequelle (11)
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durchgeführt wird.

13. Verfahren nach Anspruch 12, weiterhin aufweisend
den Schritt des Aufrechterhaltens einer im Wesent-
lichen konstanten Drehgeschwindigkeit der Energie-
quelle (11), nachdem eine von einer vorbestimmten
Geschwindigkeit und einer Zielgeschwindigkeit er-
halten wird, und des Bewegens der ersten Kupp-
lungsvorrichtung (28) aus der dritten Position in eine
von der ersten und der zweiten Position.

14. Verfahren nach Anspruch 13, bei dem eine von der
vorbestimmten Geschwindigkeit und der Zielge-
schwindigkeit der Energiequelle (11) bewirkt, dass
ein Sonnenrad (22), das einen Bereich des Zwi-
schenachsdifferentials (19) bildet, und der zweite
Ausgang (24) sich mit Geschwindigkeiten drehen,
die einen kämmenden Eingriff dazwischen mit der
ersten Kupplungsvorrichtung (28) ermöglichen.

15. Verfahren nach Anspruch 2, bei dem die zweite Ach-
senanordnung (16) weiterhin eine zweite Kupp-
lungsvorrichtung (68) enthält, wobei die zweite
Kupplungsvorrichtung (68) selektiv einen ersten Be-
reich der zweiten Achsenanordnung (16) und einen
zweiten Bereich der zweiten Achsenanordnung (16)
außer Eingriff bringt.

16. Verfahren nach Anspruch 15, bei dem der Schritt
des Bewegens der ersten Kupplungsvorrichtung
(28) aus der dritten Position in die zweite Position
teilweise den zweiten Ausgang (24) und den ersten
Bereich der zweiten Achsenanordnung (16) in Ein-
griff bringt, um eine Drehgeschwindigkeit des zwei-
ten Ausgangs (24) und des ersten Bereichs der zwei-
ten Achsenanordnung (16) auf eine von einer Ziel-
geschwindigkeit und einer Leerlaufbedingung einzu-
stellen, wobei die Zielgeschwindigkeit den Eingriff
zwischen dem ersten Bereich der zweiten Achsen-
anordnung (16) und dem zweiten Bereich der zwei-
ten Achsenanordnung (16) mit der zweiten Kupp-
lungsvorrichtung (68) erleichtert.

17. Verfahren nach Anspruch 15, bei dem die zweite
Kupplungsvorrichtung (668) selektiv in Eingriff ist,
um einem Schmiermittel, das innerhalb der zweiten
Achsenanordnung (16’) angeordnet ist, Energie zu-
zuführen.

18. Verfahren nach Anspruch 17, weiterhin aufweisend
den Schritt des Ineingriffbringens der zweiten Kupp-
lungsvorrichtung (68), wenn eine Temperatur der
zweiten Achsenanordnung (16) oberhalb eines vor-
bestimmten Werts ist.

19. Verfahren nach Anspruch 15, bei dem die erste
Kupplungsvorrichtung (628) und die zweite Kupp-
lungsvorrichtung (668) gleichzeitig in Eingriff sind,

um eine Drehgeschwindigkeit eines Bereichs der
zweiten Achsenanordnung (16’) einzustellen.

20. Verfahren nach Anspruch 2, bei dem der Schritt des
Anordnens der ersten Kupplungsvorrichtung (28) in
einer von der ersten Position und der zweiten Posi-
tion durch Anordnen der ersten Kupplungsvorrich-
tung (28) in der ersten Position durchgeführt wird,
der Schritt des Einstellens der zu der Energievertei-
lungseinheit (12) übertragenen Drehkraft durch ei-
nes von Verringern und Unterbrechen der zu der En-
ergieverteilungseinheit (12) übertragenen Drehkraft
durchgeführt wird,
und der Schritt des Bewegens der ersten Kupplungs-
vorrichtung (28) aus einer von der ersten Position
und der zweiten Position in eine dritte Position durch-
geführt wird durch Bewegen der ersten Kupplungs-
vorrichtung (28) aus der ersten Position in eine dritte
Position, wobei die erste Kupplungsvorrichtung (28)
in der dritten Position das Zwischenachsdifferential
(19) entriegelt, und weiterhin aufweisend den Schritt
des
Einstellens einer Drehgeschwindigkeit eines ersten
Bereichs der zweiten Achsenanordnung (16) auf ei-
ne Zielgeschwindigkeit, wobei die Zielgeschwindig-
keit den Eingriff zwischen dem ersten Bereich der
zweiten Achsenanordnung (16) und einem zweiten
Bereich der zweiten Achsenordnung (16) erleichtert,
und dann des Bewegens der ersten Kupplungsvor-
richtung (28) aus der dritten Position in die zweite
Position und eines von Erhöhen oder Wiederaufneh-
men der zu der Energieverteilungseinheit (12) über-
tragenen Drehkraft.

21. Verfahren nach Anspruch 20, bei dem das Zwi-
schenachsdifferential (19) ein Planetendifferential
ist, aufweisend einen Träger (36), der in antriebsmä-
ßigem Eingriff mit dem Eingang (18) der Energiever-
teilungseinheit (12) ist, mehrere Antriebsritzel, die
drehbar auf dem Träger (36) angeordnet sind, ein
Ringzahnrad (14), das in antriebsmäßigem Eingriff
mit dem ersten Ausgang (20) der Energievertei-
lungseinheit (12) ist, und ein Sonnenrad (22), das in
selektivem antriebsmäßigem Eingriff mit dem zwei-
ten Ausgang (24) der Energieverteilungseinheit (12)
ist.

22. Verfahren nach Anspruch 21, bei dem die erste
Kupplungsvorrichtung (28) einen Verschiebekragen
in Keileingriff mit einem Bereich des Sonnenrads
(22), einen ersten Synchronisator (53) und einen
zweiten Synchronisator (54) aufweist, wobei der ers-
te Synchronisator (53) auf den Träger (36) einwirkt,
wenn die erste Kupplungsvorrichtung (28) zu der
ersten Position hin bewegt wird, und der zweite Syn-
chronisator (54) auf den zweiten Ausgang (24) ein-
wirkt, wenn die erste Kupplungsvorrichtung (28) zu
der zweiten Position hin bewegt wird.

43 44 



EP 2 665 616 B1

24

5

10

15

20

25

30

35

40

45

50

55

23. Verfahren nach Anspruch 21, bei dem die erste
Kupplungsvorrichtung (28) einen Verschiebekragen
in Keileingriff mit einem Bereich des Sonnenrads
(22) und einen Synchronisator aufweist, wobei der
Synchronisator auf den zweiten Ausgang (24) ein-
wirkt, wenn die erste Kupplungsvorrichtung (28) zu
der zweiten Position hin bewegt wird.

24. Verfahren nach Anspruch 21, weiterhin aufweisend
den Schritt des Anordnens einer Steuervorrichtung
(55) in Verbindung mit einem Aktuator (57) für die
erste Kupplungsvorrichtung und zumindest eines
Sensors (75), wobei der zumindest eine Sensor (75)
zum Überwachen von zumindest einer von einer Be-
triebsbedingung der Energiequelle (11), einer Tem-
peratur der zweiten Achsenanordnung (16), einer
Geschwindigkeit des Sonnenrads (22), einer Ge-
schwindigkeit des zweiten Ausgangszahnrads, ei-
ner Geschwindigkeit eines Bereichs der zweiten
Achsenanordnung (16), einer Größe der zu der En-
ergieverteilungseinheit (12) übertragenen Drehkraft,
einer Position einer zweiten Kupplungsvorrichtung
(68) für das selektive Außereingriffbringen des ers-
ten Bereichs der zweiten Achsenanordnung (16) und
des zweiten Bereichs der zweiten Achsenanordnung
(16) und einer Position der ersten Kupplungsvorrich-
tung (28) zum Einstellen von zumindest einer von
der Betriebsbedingung der Energiequelle (11), der
Position der ersten Kupplungsvorrichtung (28) und
der zweiten Kupplungsvorrichtung (68) und einer
Dauer zwischen aufeinanderfolgenden Positionen
der ersten Kupplungsvorrichtung (28) auf der Grund-
lage von zumindest einer von der Betriebsbedingung
der Energiequelle (11), der Temperatur der zweiten
Achsenanordnung (16), der Geschwindigkeit des
Sonnenrads (22), einer Geschwindigkeit des zwei-
ten Ausgangszahnrads, einer Geschwindigkeit ei-
nes Bereichs der zweiten Achsenanordnung (16),
der Größe der zu der Energieübertragungseinheit
(12) übertragenen Drehkraft und der Position der
ersten Kupplungsvorrichtung (28) und der zweiten
Kupplungsvorrichtung (68) vorgesehen ist.

25. Verfahren nach Anspruch 20, bei dem der Schritt
von einem von Verringern und Unterbrechen der zu
der Energieübertragungseinheit (12) übertragenen
Drehkraft durch Einstellen einer Betriebsbedingung
der Energiequelle (11) durchgeführt werden kann.

26. Verfahren nach Anspruch 20, bei dem, folgend dem
Schritt des Bewegens der ersten Kupplungsvorrich-
tung (28) aus der ersten Position in die dritte Position,
der Schritt des Einstellens der Drehgeschwindigkeit
des Eingangs (18) der Energieverteilungseinheit
(12) durch Einstellen einer Betriebsbedingung der
Energiequelle (11) durchgeführt wird.

27. Verfahren nach Anspruch 20, bei dem der erste Aus-

gang (20) ein erstes Ausgangszahnrad ist und der
zweite Ausgang (24) ein zweites Ausgangszahnrad
ist.

28. Verfahren nach Anspruch 20, bei dem der Schritt
des Einstellens einer Drehgeschwindigkeit eines
ersten Bereichs der zweiten Achsenanordnung (16)
durch selektives Ineingriffbringen der ersten Kupp-
lungsvorrichtung (28) durchgeführt wird.

29. Verfahren nach Anspruch 20, weiterhin aufweisend
den Schritt des Bewegens der ersten Kupplungsvor-
richtung (28) aus der dritten Position in die zweite
Position, wenn eine Temperatur der zweiten Ach-
senanordnung (16) oberhalb eines vorbestimmten
Werts ist.

30. Verfahren nach Anspruch 20, bei dem, folgend dem
Schritt des Bewegens der ersten Kupplungsvorrich-
tung (28) in die dritte Position, der Schritt des Ein-
stellens der Drehgeschwindigkeit des Eingangs (18)
der Energieverteilungseinheit (12) durch Einstellen
einer Drehgeschwindigkeit der Energiequelle (11)
durchgeführt wird.

31. Verfahren nach Anspruch 30, weiterhin aufweisend
den Schritt des Aufrechterhaltens einer im Wesent-
lichen konstanten Drehgeschwindigkeit der Energie-
quelle (11), nachdem eine vorbestimmte Geschwin-
digkeit und eine Zielgeschwindigkeit erhalten wird,
und des Bewegens der ersten Kupplungsvorrichtung
(28) aus der dritten Position in die zweite Position.

32. Verfahren nach Anspruch 31, bei dem eine von der
vorbestimmten Geschwindigkeit und der Zielge-
schwindigkeit der Energiequelle (11) bewirkt, dass
ein Sonnenrad (22), das einen Bereich des Zwi-
schenachsedifferentials (19) bildet, und der zweite
Ausgang (24) sich mit Geschwindigkeiten drehen,
die einen Kämmeingriff hierzwischen mit der ersten
Kupplungsvorrichtung (28) ermöglichen.

33. Verfahren nach Anspruch 20, bei dem die zweite
Achsenanordnung (16) weiterhin eine zweite Kupp-
lungsvorrichtung (68) enthält, wobei die zweite
Kupplungsvorrichtung (68) selektiv den ersten Be-
reich der zweiten Achsenanordnung (16) und den
zweiten Bereich der zweiten Achsenanordnung (16)
außer Eingriff bringt.

34. Verfahren nach Anspruch 33, bei dem der Schritt
des Bewegens der ersten Kupplungsvorrichtung
(28) aus der dritten Position in die zweiten Position
teilweise den zweiten Ausgang (24) und den ersten
Bereich der zweiten Achsenanordnung (16) in Ein-
griff bringt, um eine Drehgeschwindigkeit des zwei-
ten Ausgangs (24) und den ersten Bereich der zwei-
ten Achsenanordnung (16) auf die Zielgeschwindig-
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keit einzustellen, wobei die Zielgeschwindigkeit den
Eingriff zwischen dem ersten Bereich der zweiten
Achsenanordnung (16) und dem zweiten Bereich
der zweiten Achsenanordnung (16) mit der zweiten
Kupplungsvorrichtung (68) erleichtert.

35. Verfahren nach Anspruch 33, bei dem die zweite
Kupplungsvorrichtung (668) selektiv in Eingriff ist,
um einem Schmiermittel, das innerhalb der zweiten
Achsenanordnung (16’) angeordnet ist, Energie zu-
zuführen.

36. Verfahren nach Anspruch 35, weiterhin aufweisend
den Schritt des Ineingriffbringens der zweiten Kupp-
lungsvorrichtung (668), wenn eine Temperatur der
zweiten Achsenanordnung (16’) oberhalb eines vor-
bestimmten Werts ist.

37. Verfahren nach Anspruch 33, bei dem die erste
Kupplungsvorrichtung (628) und die zweite Kupp-
lungsvorrichtung (668) gleichzeitig in Eingriff sind,
um eine Drehgeschwindigkeit eines Bereichs der
zweiten Achsenanordnung (16’) einzustellen.

38. Verfahren nach Anspruch 2, bei dem die erste Ach-
senanordnung (14) ein erstes Paar von Ausgangs-
achsenwellen (62), ein erstes Differential (61), das
antriebsmäßig in Eingriff mit dem ersten Paar von
Ausgangsachsenwellen (62) ist, und ein erstes An-
triebszahnrad (60), das mit dem ersten Differential
(61) gekoppelt ist, enthält, wobei die erste Achsen-
anordnung (14) ein erstes Zahnradverhältnis hat und
die zweite Achsenanordnung (16) ein zweites Paar
von Ausgangsachsenwellen (67), ein zweites Diffe-
rential (66), das selektiv antriebsmäßig in Eingriff mit
dem zweiten Paar von Ausgangsachsenwellen (67)
ist, ein zweites Antriebszahnrad (65), das mit dem
zweiten Differential (66) gekoppelt ist, und eine Zwi-
schenachswelle (64), die antriebsmäßig in Eingriff
mit dem zweiten Antriebszahnrad (65) ist, enthält,
wobei die zweite Achsenanordnung (16) ein zweites
Zahnradverhältnis hat, und
der Schritt des Einstellens der zu der Energievertei-
lungseinheit (12) übertragenen Drehkraft durch ei-
nes von Verringern und Unterbrechen der zu der En-
ergieverteilungseinheit (12) übertragenen Drehkraft
durchgeführt wird,
der Schritt des Anordnens der ersten Kupplungsvor-
richtung (28) in eine von der ersten Position und der
zweiten Position durch Anordnen der ersten Kupp-
lungsvorrichtung (28) in der ersten Position durch-
geführt wird,
der Schritt des Einstellens der zu der Energievertei-
lungseinheit (12) übertragenen Drehkraft zum Er-
leichtern der Bewegung der ersten Kupplungsvor-
richtung (28) durch eines von Verringern und Unter-
brechen der zu der Energieverteilungseinheit (12)
übertragenen Drehkraft durchgeführt wird,

der Schritt des Bewegens der ersten Kupplungsvor-
richtung (28) aus einer von der ersten Position und
der zweiten Position in eine dritte Position durch Be-
wegen der ersten Kupplungsvorrichtung (28) von der
ersten in eine dritte Position durchgeführt wird,
der Schritt des Bewegens der ersten Kupplungsvor-
richtung (28) aus der dritten Position in eine von der
ersten und der zweiten Position durch Bewegen der
ersten Kupplungsvorrichtung (28) aus der dritten Po-
sition in die zweite Position durchgeführt wird, die
erste Kupplungsvorrichtung (28) in der zweiten Po-
sition den zweiten Ausgang (24) mit der Zwischen-
achswelle (64), dem zweiten Antriebszahnrad (65)
und dem zweiten Differential (66) in Eingriff bringt,
der Schritt des Einstellens der zu der Energievertei-
lungseinheit (12) übertragenen Drehkraft durch ei-
nes von Erhöhen und Wiederaufnehmen der zu der
Energieverteilungseinheit (12) übertragenen Dreh-
kraft durchgeführt wird, und weiterhin aufweisend
die Schritte:

Einstellen einer Drehgeschwindigkeit des zwei-
ten Ausgangs (24), der Zwischenachswelle
(64), des zweiten Antriebszahnrads (65) und
des zweiten Differentials (66) auf eine Zielge-
schwindigkeit, wobei die Zielgeschwindigkeit
den Eingriff zwischen dem zweiten Differential
(66) und dem zweiten Paar von Ausgangsachs-
wellen (67) erleichtert,
Verteilen der Drehkraft zwischen dem ersten
Ausgang (20) und dem zweiten Ausgang (24)
durch das Zwischenachsdifferential (19) und
Anpassen einer Drehdifferenz des ersten Aus-
gangs (20) und des zweiten Ausgangs (24), die
durch eine Differenz zwischen dem ersten
Zahnradverhältnis und dem zweiten Zahnrad-
verhältnis mit dem Zwischenachsdifferential
(19) bewirkt wird, wobei die Anpassung der
Drehdifferenz zwischen dem ersten Ausgang
(20) und dem zweiten Ausgang (24) ein kumu-
latives Zahnradverhältnis für die erste Achsan-
ordnung (14) und die zweite Achsanordnung
(16) ergibt, welches kumulative Zahnradverhält-
nis zwischen dem ersten Zahnradverhältnis und
dem zweiten Zahnradverhältnis liegt.

39. Verfahren nach Anspruch 38, bei dem das zweite
Zahnradverhältnis von dem ersten Zahnradverhält-
nis verschieden ist.

40. Verfahren nach Anspruch 38, bei dem die zweite
Achsenanordnung (16) weiterhin eine zweite Kupp-
lungsvorrichtung (68) enthält, wobei die zweite
Kupplungsvorrichtung (68) selektiv einen Bereich ei-
ner von dem zweiten Paar von Ausgangsachswellen
und einen verbleibenden Bereich der einen von dem
zweiten Paar von Ausgangsachswellen außer Ein-
griff bringt.
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41. Verfahren nach Anspruch 40, bei dem das Zwi-
schenachsdifferential (19) ein Planetendifferential
ist, aufweisend einen Träger (36), der in antriebsmä-
ßigem Eingriff mit dem Eingang (18) der Energiever-
teilungseinheit (12) ist, mehrere Antriebsritzel, die
drehbar auf dem Träger (36) angeordnet sind, ein
Ringzahnrad (40), das in antriebsmäßigem Eingriff
mit dem ersten Ausgang (20) der Energievertei-
lungseinheit (12) ist, und ein Sonnenrad (22), das in
selektivem antriebsmäßigem Eingriff mit dem zwei-
ten Ausgang (24) der Energieverteilungseinheit (12)
ist.

42. Verfahren nach Anspruch 41, bei dem die erste
Kupplungsvorrichtung einen Verschiebekragen in
Keileingriff mit einem Bereich des Sonnenrads (22),
einen ersten Synchronisator (53) und einen zweiten
Synchronisator (54) aufweist, wobei der erste Syn-
chronisator (53) auf den Träger (36) einwirkt, wenn
die erste Kupplungsvorrichtung (28) zu der ersten
Position hin bewegt wird, und der zweite Synchroni-
sator (54) auf den zweiten Ausgang (24) einwirkt,
wenn die erste Kupplungsvorrichtung (28) zu der
zweiten Position hin bewegt wird.

43. Verfahren nach Anspruch 42, bei dem die Drehge-
schwindigkeit des zweiten Ausgangs (24), der Zwi-
schenachswelle (64), des zweiten Antriebszahnrads
und des zweiten Differentials auf die Zielgeschwin-
digkeit eingestellt wird, wenn die erste Kupplungs-
vorrichtung (28) zu der zweiten Position hin bewegt
wird, wobei eine gleichzeitige Drehung des Trägers
(36) und des Ringzahnrads (40) das Sonnenrad (22)
durch die mehreren Antriebsritzel zwecks Einstellen
der Drehgeschwindigkeit des zweiten Ausgangs
(24), der Zwischenachswelle, des zweiten Antriebs-
zahnrads und des zweiten Differentials antreibt, wo-
bei die zweite Kupplungsvorrichtung (68) in einer
Eingriffsposition angeordnet ist, wenn die Drehge-
schwindigkeit des zweiten Ausgangs (24), der Zwi-
schenachswelle, des zweiten Antriebszahnrads und
des zweiten Differentials auf die Zielgeschwindigkeit
eingestellt sind.

44. Verfahren nach Anspruch 2, bei dem die zweite Ach-
senanordnung (16’) eine Achsenkupplung (668) ent-
hält, wobei die Achsenkupplung (668) einen Bereich
einer von einem zweiten Paar von Ausgangsachs-
wellen (67’) und einen verbleibenden Bereich der
einen von dem zweiten Paar von Ausgangsachswel-
len (67’) selektiv außer Eingriff bringt, und bei dem
der Schritt des Anordnens der ersten Kupplungsvor-
richtung (628) in einer von der ersten Position und
der zweiten Position durch Anordnen der ersten
Kupplungsvorrichtung (628) in der ersten Position
durchgeführt wird, der Schritt des Bewegens der ers-
ten Kupplungsvorrichtung (628) aus einer von der
ersten Position und der zweiten Position in eine dritte

Position durchgeführt wird durch Bewegen der ers-
ten Kupplungsvorrichtung (628) aus der ersten Po-
sition in eine dritte Position, und der Schritt des Be-
wegens der ersten Kupplungsvorrichtung (628) aus
der dritten Position in eine von der ersten und der
zweiten Position durchgeführt wird durch Bewegen
der ersten Kupplungsvorrichtung (628) aus der drit-
ten Position in die zweite Position, und weiterhin auf-
weisend den Schritt des:

Zuführens von Energie zu einem Schmiermittel,
das sich innerhalb der zweiten Achsenanord-
nung (16) befindet, durch selektives Ineingriff-
bringen der Achsenkupplung (668).

Revendications

1. Procédé de passage d’une unité de distribution de
puissance (12) pour un véhicule d’un premier état
de fonctionnement à un second état de fonctionne-
ment, le procédé comprenant les étapes consistant
à :

engager en propulsion un premier assemblage
de pont (14) avec une première sortie (20) de
l’unité de distribution de puissance (12) ;
engager en propulsion une entrée (18) de l’unité
de distribution de puissance (12) avec une pre-
mière sortie d’une source de puissance (11),
l’unité de distribution de puissance (12) incluant
la première sortie (20) et un premier dispositif
d’embrayage (28) présentant une première po-
sition et une deuxième position, le premier dis-
positif d’embrayage (28) dans la première posi-
tion engageant la sortie avec l’entrée (18) de
l’unité de distribution de puissance (12) et dé-
sengageant une partie de l’unité de distribution
de puissance (12), le premier dispositif d’em-
brayage (28) dans la deuxième position enga-
geant la sortie ;
positionner le premier dispositif d’embrayage
(28) dans soit la première position, soit la
deuxième position ;
appliquer une force de rotation sur l’entrée (18)
de l’unité de distribution de puissance (12) ;
régler la force de rotation transférée sur l’unité
de distribution de puissance (12) afin de faciliter
le déplacement du premier dispositif d’embraya-
ge (28) ;
déplacer le premier dispositif d’embrayage (28)
depuis soit la première position, soit la deuxième
position jusqu’à une troisième position ;
régler une vitesse de rotation de l’entrée (18) de
l’unité de distribution de puissance (12) afin de
faciliter le déplacement du premier dispositif
d’embrayage (28) depuis la troisième position ;
et
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déplacer le premier dispositif d’embrayage (28)
depuis la troisième position jusqu’à soit la pre-
mière, soit la deuxième position.

2. Procédé selon la revendication 1, comprenant en
outre l’étape consistant à engager en propulsion un
second assemblage de pont (16) avec une seconde
sortie (24) de l’unité de distribution de puissance
(12), dans lequel l’unité de distribution de puissance
(12) inclut en outre un différentiel inter-ponts (19), le
premier dispositif d’embrayage (28) dans la premiè-
re position verrouillant le différentiel inter-ponts (19),
engageant la première sortie (20) avec l’entrée (18)
de l’unité de distribution de puissance (12) et désen-
gageant la seconde sortie (24) du différentiel inter-
ponts (19), le premier dispositif d’embrayage (28)
dans la deuxième position déverrouillant le différen-
tiel inter-ponts (19) et engageant la première sortie
(20) et la seconde sortie (24) avec le différentiel inter-
ponts (19), le premier dispositif d’embrayage (28)
dans la troisième position ni ne verrouillant le diffé-
rentiel inter-ponts(19), ni n’engageant la seconde
sortie (24) avec le différentiel inter-ponts (19), et
comprenant en outre l’étape consistant à :

régler la force de rotation transférée à l’unité de
distribution de puissance (12).

3. Procédé selon la revendication 2, dans lequel le dif-
férentiel inter-ponts (19) est un différentiel planétaire
comprenant un porte-satellites (36) engagé en pro-
pulsion avec l’entrée (18) de l’unité de distribution
de puissance (12), une pluralité de pignons de pro-
pulsion disposés à rotation sur le porte-satellites
(36), une couronne dentée (40) engagée en propul-
sion avec la première sortie (20) de l’unité de distri-
bution de puissance (12) et une roue dentée solaire
(22) engagée en propulsion de façon sélective avec
la seconde sortie (24) de l’unité de distribution de
puissance (12).

4. Procédé selon la revendication 3, dans lequel le pre-
mier dispositif d’embrayage (28) comprend un collier
de changement de vitesse en engagement par can-
nelures avec une partie de la roue dentée solaire
(22), un premier synchroniseur (53) et un second
synchroniseur (54), le premier synchroniseur (53)
opérant sur le porte-satellites (36) lorsque le premier
dispositif d’embrayage (28) est déplacé vers la pre-
mière position et le second synchroniseur (54) opé-
rant sur la seconde sortie (24) lorsque le premier
dispositif d’embrayage (28) est déplacé vers la
deuxième position.

5. Procédé selon la revendication 3, dans lequel le pre-
mier dispositif d’embrayage (28) comprend un collier
de changement de vitesse en engagement par can-
nelures avec une partie de la roue dentée solaire

(22) et un synchroniseur, le synchroniseur opérant
sur la seconde sortie (24) lorsque le premier dispo-
sitif d’embrayage (28) est déplacé vers la deuxième
position.

6. Procédé selon la revendication 3, comprenant en
outre l’étape consistant à prévoir un contrôleur (55)
en communication avec un actionneur de premier
dispositif d’embrayage (57) et au moins un capteur
(75), l’au moins un capteur (75) étant destiné à sur-
veiller au moins un paramètre pris parmi une condi-
tion de fonctionnement de la source de puissance
(11), une température du second assemblage de
pont (16), une vitesse de la roue dentée solaire (22),
une vitesse du second pignon de sortie, une vitesse
d’une partie du second assemblage de pont (16),
une valeur de la force de rotation transférée à l’unité
de distribution de puissance (12), une position d’un
second dispositif d’embrayage (68) pour désenga-
ger de façon sélective une première partie du second
assemblage de pont (16) d’une seconde partie du
second assemblage de pont (16) et une position du
premier dispositif d’embrayage (28) afin de régler au
moins un paramètre pris parmi la condition de fonc-
tionnement de la source de puissance (11), la posi-
tion du premier dispositif d’embrayage (28) et du se-
cond dispositif d’embrayage (68) et une durée entre
des positions successives du premier dispositif
d’embrayage (28) sur la base d’au moins un para-
mètre pris parmi la condition de fonctionnement de
la source de puissance (11), la température du se-
cond assemblage de pont (16), la vitesse de la roue
dentée solaire (22), une vitesse du second pignon
de sortie, une vitesse d’une partie du second assem-
blage de pont (16), la valeur de la force de rotation
transférée à l’unité de distribution de puissance (12)
et la position du premier dispositif d’embrayage (28)
et du second dispositif d’embrayage (68).

7. Procédé selon la revendication 2, dans lequel l’étape
consistant à régler la force de rotation transférée à
l’unité de distribution de puissance (12) peut être réa-
lisée en réglant une condition de fonctionnement de
la source de puissance (11).

8. Procédé selon la revendication 2, dans lequel, à la
suite de l’étape consistant à déplacer le premier dis-
positif d’embrayage (28) depuis soit la première po-
sition, soit la deuxième position, l’étape consistant à
régler la vitesse de rotation de l’entrée de la source
de puissance (11) est réalisée en réglant une con-
dition de fonctionnement de la source de puissance
(11).

9. Procédé selon la revendication 2, dans lequel la pre-
mière sortie (20) est un premier pignon de sortie et
la seconde sortie (24) est un second pignon de sortie.
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10. Procédé selon la revendication 2, dans lequel le pre-
mier dispositif d’embrayage (28) est engagé de fa-
çon sélective afin de régler une vitesse de rotation
d’une partie du second assemblage de pont (16).

11. Procédé selon la revendication 2, comprenant en
outre l’étape consistant à déplacer le premier dispo-
sitif d’embrayage (28) depuis la troisième position
jusqu’à la deuxième position lorsqu’une température
du second assemblage de pont (16) est au-delà
d’une valeur prédéterminée.

12. Procédé selon la revendication 2, dans lequel, à la
suite de l’étape consistant à déplacer le premier dis-
positif d’embrayage (28) jusqu’à la troisième posi-
tion, l’étape consistant à régler la vitesse de rotation
de l’entrée (18) de l’unité de distribution de puissan-
ce (12) est réalisée en réglant une vitesse de rotation
de la source de puissance (11).

13. Procédé selon la revendication 12, comprenant en
outre l’étape consistant à maintenir sensiblement
constante une vitesse de rotation de la source de
puissance (11) une fois que soit une vitesse prédé-
terminée, soit une vitesse cible est obtenue et à dé-
placer le premier dispositif d’embrayage (28) depuis
la troisième position jusqu’à soit la première position,
soit la deuxième position.

14. Procédé selon la revendication 13, dans lequel soit
la vitesse prédéterminée, soit la vitesse cible de la
source de puissance (11) a pour effet qu’une roue
dentée solaire (22) qui forme une partie du différen-
tiel inter-ponts (19) et la seconde sortie (24) tournent
à des vitesses permettant un engagement par inter-
engrènement avec le premier dispositif d’embrayage
(28).

15. Procédé selon la revendication 2, dans lequel le se-
cond assemblage de pont (16) inclut en outre un
second dispositif d’embrayage (68), le second dis-
positif d’embrayage (68) désengageant de façon sé-
lective une première partie du second assemblage
de pont (16) d’une seconde partie du second assem-
blage de pont (16).

16. Procédé selon la revendication 15, dans lequel l’éta-
pe consistant à déplacer le premier dispositif d’em-
brayage (28) depuis la troisième position jusqu’à la
deuxième position engage partiellement la seconde
sortie (24) et la première partie du second assem-
blage de pont (16) afin de régler une vitesse de ro-
tation de la seconde sortie (24) et de la première
partie du second assemblage de pont (16) sur soit
une vitesse cible, soit une condition de ralenti, la
vitesse cible facilitant un engagement entre la pre-
mière partie du second assemblage de pont (16) et
la seconde partie du second assemblage de pont

(16) à l’aide du second dispositif d’embrayage (68).

17. Procédé selon la revendication 15, dans lequel le
second dispositif d’embrayage (668) est engagé de
façon sélective afin d’imprimer de l’énergie à un lu-
brifiant disposé à l’intérieur du second assemblage
de pont (16’).

18. Procédé selon la revendication 17, comprenant en
outre l’étape consistant à engager le second dispo-
sitif d’embrayage (68) lorsqu’une température du se-
cond assemblage de pont (16) est au-delà d’une va-
leur prédéterminée.

19. Procédé selon la revendication 15, dans lequel le
premier dispositif d’embrayage (628) et le second
dispositif d’embrayage (668) sont engagés de façon
simultanée afin de régler une vitesse de rotation
d’une partie du second assemblage de pont (16’).

20. Procédé selon la revendication 2, dans lequel :

l’étape consistant à positionner le premier dis-
positif d’embrayage (28) dans soit la première
position, soit la deuxième position est réalisée
en positionnant le premier dispositif d’embraya-
ge (28) dans la première position ;
l’étape consistant à régler la force de rotation
transférée à l’unité de distribution de puissance
(12) est réalisée soit au moyen de la réduction
de la force de rotation transférée à l’unité de
distribution de puissance (12), soit au moyen de
l’interruption du transfert de cette force de
rotation ; et
l’étape consistant à déplacer le premier dispo-
sitif d’embrayage (28) depuis soit la première
position, soit la deuxième position jusqu’à une
troisième position est réalisée en déplaçant le
premier dispositif d’embrayage (28) depuis la
première position jusqu’à une troisième posi-
tion, le premier dispositif d’embrayage (28) dans
la troisième position déverrouillant le différentiel
inter-ponts (19), et comprenant en outre l’étape
consistant à :

régler une vitesse de rotation d’une premiè-
re partie du second assemblage de pont
(16) à une vitesse cible, la vitesse cible fa-
cilitant un engagement entre la première
partie du second assemblage de pont (16)
et une seconde partie du second assembla-
ge de pont (16) puis à déplacer le premier
dispositif d’embrayage (28) depuis la troi-
sième position jusqu’à la deuxième position
et soit à augmenter la force de rotation
transférée à l’unité de distribution de puis-
sance (12), soit à reprendre le transfert de
cette force de rotation.
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21. Procédé selon la revendication 20, dans lequel le
différentiel inter-ponts (19) est un différentiel plané-
taire comprenant un porte-satellites (36) engagé en
propulsion avec l’entrée (18) de l’unité de distribution
de puissance (12), une pluralité de pignons de pro-
pulsion disposés à rotation sur le porte-satellites
(36), une couronne dentée (40) engagée en propul-
sion avec la première sortie (20) de l’unité de distri-
bution de puissance (12) et une roue dentée solaire
(22) engagée en propulsion de façon sélective avec
la seconde sortie (24) de l’unité de distribution de
puissance (12).

22. Procédé selon la revendication 21, dans lequel le
premier dispositif d’embrayage (28) comprend un
collier de changement de vitesse en engagement
par cannelures avec une partie de la roue dentée
solaire (22), un premier synchroniseur (53) et un se-
cond synchroniseur (54), le premier synchroniseur
(53) opérant sur le porte-satellites (36) lorsque le
premier dispositif d’embrayage (28) est déplacé vers
la première position et le second synchroniseur (54)
opérant sur la seconde sortie (24) lorsque le premier
dispositif d’embrayage (28) est déplacé vers la
deuxième position.

23. Procédé selon la revendication 21, dans lequel le
premier dispositif d’embrayage (28) comprend un
collier de changement de vitesse en engagement
par cannelures avec une partie de la roue dentée
solaire (22) et un synchroniseur, le synchroniseur
opérant sur la seconde sortie (24) lorsque le premier
dispositif d’embrayage (28) est déplacé vers la
deuxième position.

24. Procédé selon la revendication 21, comprenant en
outre l’étape consistant à prévoir un contrôleur (55)
en communication avec un actionneur de premier
dispositif d’embrayage (57) et au moins un capteur
(75), l’au moins un capteur (75) étant destiné à sur-
veiller au moins un paramètre pris parmi une condi-
tion de fonctionnement de la source de puissance
(11), une température du second assemblage de
pont (16), une vitesse de la roue dentée solaire (22),
une vitesse du second pignon de sortie, une vitesse
d’une partie du second assemblage de pont (16),
une valeur de la force de rotation transférée à l’unité
de distribution de puissance (12), une position d’un
second dispositif d’embrayage (68) pour désenga-
ger de façon sélective la première partie du second
assemblage de pont (16) de la seconde partie du
second assemblage de pont (16) et une position du
premier dispositif d’embrayage (28) afin de régler au
moins un paramètre pris parmi la condition de fonc-
tionnement de la source de puissance (11), la posi-
tion du premier dispositif d’embrayage (28) et du se-
cond dispositif d’embrayage (68) et une durée entre
des positions successives du premier dispositif

d’embrayage (28) sur la base d’au moins un para-
mètre pris parmi la condition de fonctionnement de
la source de puissance (11), la température du se-
cond assemblage de pont (16), la vitesse de la roue
dentée solaire (22), une vitesse du second pignon
de sortie, une vitesse d’une partie du second assem-
blage de pont (16), la valeur de la force de rotation
transférée à l’unité de distribution de puissance (12)
et la position du premier dispositif d’embrayage (28)
et du second dispositif d’embrayage (68).

25. Procédé selon la revendication 20, dans lequel l’éta-
pe consistant à soit réduire la force de rotation trans-
férée à l’unité de distribution de puissance (12), soit
interrompre le transfert de cette même force peut
être réalisée en réglant une condition de fonctionne-
ment de la source de puissance (11).

26. Procédé selon la revendication 20, dans lequel, à la
suite de l’étape consistant à déplacer le premier dis-
positif d’embrayage (28) depuis la première position
jusqu’à la troisième position, l’étape consistant à ré-
gler la vitesse de rotation de l’entrée (18) de l’unité
de distribution de puissance (12) est réalisée en ré-
glant une condition de fonctionnement de la source
de puissance (11).

27. Procédé selon la revendication 20, dans lequel la
première sortie (20) est un premier pignon de sortie
et la seconde sortie (24) est un second pignon de
sortie.

28. Procédé selon la revendication 20, dans lequel l’éta-
pe consistant à régler une vitesse de rotation d’une
première partie du second assemblage de pont (16)
est réalisée en engageant de façon sélective le pre-
mier dispositif d’embrayage (28).

29. Procédé selon la revendication 20, comprenant en
outre l’étape consistant à déplacer le premier dispo-
sitif d’embrayage (28) depuis la troisième position
jusqu’à la deuxième position lorsqu’une température
du second assemblage de pont (16) est au-delà
d’une valeur prédéterminée.

30. Procédé selon la revendication 20, dans lequel, à la
suite de l’étape consistant à déplacer le premier dis-
positif d’embrayage (28) jusqu’à la troisième posi-
tion, l’étape consistant à régler la vitesse de rotation
de l’entrée (18) de l’unité de distribution de puissan-
ce (12) est réalisée en réglant une vitesse de rotation
de la source de puissance (11).

31. Procédé selon la revendication 30, comprenant en
outre l’étape consistant à maintenir sensiblement
constante une vitesse de rotation de la source de
puissance (11) une fois que soit une vitesse prédé-
terminée, soit une vitesse cible est obtenue et à dé-
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placer le premier dispositif d’embrayage (28) depuis
la troisième position jusqu’à la deuxième position.

32. Procédé selon la revendication 31, dans lequel soit
la vitesse prédéterminée, soit la vitesse cible de la
source de puissance (11) a pour effet qu’une roue
dentée solaire (22) qui forme une partie du différen-
tiel inter-ponts (19) et la seconde sortie (24) tournent
à des vitesses permettant un engagement par inter-
engrènement avec le premier dispositif d’embrayage
(28).

33. Procédé selon la revendication 20, dans lequel le
second assemblage de pont (16) inclut en outre un
second dispositif d’embrayage (68), le second dis-
positif d’embrayage (68) désengageant de façon sé-
lective la première partie du second assemblage de
pont (16) de la seconde partie du second assembla-
ge de pont (16).

34. Procédé selon la revendication 33, dans lequel l’éta-
pe consistant à déplacer le premier dispositif d’em-
brayage (28) depuis la troisième position jusqu’à la
deuxième position engage partiellement la seconde
sortie (24) et la première partie du second assem-
blage de pont (16) afin de régler une vitesse de ro-
tation de la seconde sortie (24) et de la première
partie du second assemblage de pont (16) sur la
vitesse cible, la vitesse cible facilitant un engage-
ment entre la première partie du second assemblage
de pont (16) et la seconde partie du second assem-
blage de pont (16) à l’aide du second dispositif d’em-
brayage (68).

35. Procédé selon la revendication 33, dans lequel le
second dispositif d’embrayage (668) est engagé de
façon sélective afin d’imprimer de l’énergie à un lu-
brifiant disposé à l’intérieur du second assemblage
de pont (16’).

36. Procédé selon la revendication 35, comprenant en
outre l’étape consistant à engager le second dispo-
sitif d’embrayage (668) lorsqu’une température du
second assemblage de pont (16’) est au-delà d’une
valeur prédéterminée.

37. Procédé selon la revendication 33, dans lequel le
premier dispositif d’embrayage (628) et le second
dispositif d’embrayage (668) sont engagés de façon
simultanée afin de régler une vitesse de rotation
d’une partie du second assemblage de pont (16’).

38. Procédé selon la revendication 2, dans lequel :

le premier assemblage de pont (14) inclut une
première paire d’arbres de pont de sortie (62),
un premier différentiel (61) engagé en propul-
sion avec la première paire d’arbres de pont de

sortie (62) et un premier pignon de propulsion
(60) couplé au premier différentiel (61), le pre-
mier assemblage de pont (14) présentant un
premier rapport d’engrenage et le second as-
semblage de pont (16) inclut une seconde paire
d’arbres de pont de sortie (67), un second diffé-
rentiel (66) engagé en propulsion de façon sé-
lective avec la seconde paire d’arbres de pont
de sortie (67), un second pignon de propulsion
(65) couplé au second différentiel (66) et un ar-
bre inter-ponts (64) engagé en propulsion avec
le second pignon de propulsion (65), le second
assemblage de pont (16) présentant un second
rapport d’engrenage ; et
l’étape consistant à régler la force de rotation
transférée à l’unité de distribution de puissance
(12) est réalisée soit au moyen de la réduction
de la force de rotation transférée à l’unité de
distribution de puissance (12), soit au moyen de
l’interruption du transfert de cette force de
rotation ;
l’étape consistant à positionner le premier dis-
positif d’embrayage (28) dans soit la première
position, soit la deuxième position est réalisée
en positionnant le premier dispositif d’embraya-
ge (28) dans la première position ;
l’étape consistant à régler la force de rotation
transférée à l’unité de distribution de puissance
(12) afin de faciliter le déplacement du premier
dispositif d’embrayage (28) est réalisée soit au
moyen de la réduction de la force de rotation
transférée à l’unité de distribution de puissance
(12), soit au moyen de l’interruption du transfert
de cette force de rotation ;
l’étape consistant à déplacer le premier dispo-
sitif d’embrayage (28) depuis soit la première
position, soit la deuxième position jusqu’à une
troisième position est réalisée en déplaçant le
premier dispositif d’embrayage (28) depuis la
première position jusqu’à une troisième
position ;
l’étape consistant à déplacer le premier dispo-
sitif d’embrayage (28) depuis la troisième posi-
tion jusqu’à soit la première position, soit la
deuxième position est réalisée en déplaçant le
premier dispositif d’embrayage (28) depuis la
troisième position jusqu’à la deuxième position,
le premier dispositif d’embrayage (28) dans la
deuxième position engageant la seconde sortie
(24) avec l’arbre inter-ponts (64), le second pi-
gnon de propulsion (65) et le second différentiel
(66) ;
l’étape consistant à régler le force de rotation
transférée à l’unité de distribution de puissance
(12) est réalisée soit en augmentant la force de
rotation transférée à l’unité de distribution de
puissance (12), soit en reprenant le transfert de
cette force de rotation, et comprenant en outre
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les étapes consistant à :

régler une vitesse de rotation de la seconde
sortie (24), de l’arbre inter-ponts (64), du
second pignon de propulsion (65) et du se-
cond différentiel (66) à une vitesse cible, la
vitesse cible facilitant un engagement entre
le second différentiel (66) et la seconde pai-
re d’arbres de pont de sortie (67) ;
distribuer la force de rotation entre la pre-
mière sortie (20) et la seconde sortie (24)
par l’intermédiaire du différentiel inter-ponts
(19) ; et
faire absorber une différence de rotation de
la première sortie (20) et de la seconde sor-
tie (24) générée par une différence entre le
premier rapport d’engrenage et le second
rapport d’engrenage par le différentiel inter-
ponts (19), dans lequel l’absorption de la
différence de rotation entre la première sor-
tie (20) et la seconde sortie (24) procure un
rapport d’engrenage cumulatif au premier
assemblage de pont (14) et au second as-
semblage de pont (16), le rapport d’engre-
nage cumulatif étant intermédiaire entre le
premier rapport d’engrenage et le second
rapport d’engrenage.

39. Procédé selon la revendication 38, dans lequel le
second rapport d’engrenage est différent du premier
rapport d’engrenage.

40. Procédé selon la revendication 38, dans lequel le
second assemblage de pont (16) inclut en outre un
second dispositif d’embrayage (68), le second dis-
positif d’embrayage (68) désengageant de façon sé-
lective une partie d’un arbre de la seconde paire d’ar-
bres de pont de sortie d’une partie restante d’un ar-
bre de la seconde paire d’arbres de pont.

41. Procédé selon la revendication 40, dans lequel le
différentiel inter-ponts (19) est un différentiel plané-
taire comprenant un porte-satellites (36) engagé en
propulsion avec l’entrée (18) de l’unité de distribution
de puissance (12), une pluralité de pignons de pro-
pulsion disposés à rotation sur le porte-satellites
(36), une couronne dentée (40) engagée en propul-
sion avec la première sortie (20) de l’unité de distri-
bution de puissance (12) et une roue dentée solaire
(22) engagée en propulsion de façon sélective avec
la seconde sortie (24) de l’unité de distribution de
puissance (12).

42. Procédé selon la revendication 41, dans lequel le
premier dispositif d’embrayage comprend un collier
de changement de vitesse en engagement par can-
nelures avec une partie de la roue dentée solaire
(22), un premier synchroniseur (53) et un second

synchroniseur (54), le premier synchroniseur (53)
opérant sur le porte-satellites (36) lorsque le premier
dispositif d’embrayage (28) est déplacé vers la pre-
mière position et le second synchroniseur (54) opé-
rant sur la seconde sortie (24) lorsque le premier
dispositif d’embrayage (28) est déplacé vers la
deuxième position.

43. Procédé selon la revendication 42, dans lequel la
vitesse de rotation de la seconde sortie (24), de l’ar-
bre inter-ponts (64), du second pignon de propulsion
et du second différentiel est réglée à la vitesse cible
lorsque le premier dispositif d’embrayage (28) est
déplacé vers la deuxième position, une rotation con-
comitante du porte-satellites (36) et de la couronne
dentée (40) propulsant la roue dentée solaire (22)
par l’intermédiaire de la pluralité de pignons de pro-
pulsion afin de régler la vitesse de rotation de la se-
conde sortie (24), de l’arbre inter-ponts, du second
pignon de propulsion et du second différentiel, le se-
cond dispositif d’embrayage (68) étant positionné
dans une position engagée lorsque la vitesse de ro-
tation de la seconde sortie (24), de l’arbre inter-
ponts, du second pignon de propulsion et du second
différentiel est réglée à la vitesse cible.

44. Procédé selon la revendication 2, dans lequel le se-
cond assemblage de pont (16’) inclut un embrayage
de pont (668), l’embrayage de pont (668) désenga-
geant de façon sélective une partie d’un arbre d’une
seconde paire d’arbres de pont de sortie (67’) d’une
partie restante de l’arbre de la seconde paire d’ar-
bres de pont de sortie (67’) et dans lequel l’étape
consistant à positionner le premier dispositif d’em-
brayage (628) dans soit la première position, soit la
deuxième position est réalisée en positionnant le
premier dispositif d’embrayage (628) dans la pre-
mière position, l’étape consistant à déplacer le pre-
mier dispositif d’embrayage (628) depuis soit la pre-
mière position, soit la deuxième position jusqu’à la
troisième position est réalisée en déplaçant le pre-
mier dispositif d’embrayage (628) depuis la première
position jusqu’à une troisième position et l’étape con-
sistant à déplacer le premier dispositif d’embrayage
(628) depuis la troisième position jusqu’à soit la pre-
mière position, soit la deuxième position est réalisée
en déplaçant le premier dispositif d’embrayage (628)
depuis la troisième position jusqu’à la deuxième po-
sition, et comprenant en outre l’étape consistant à :

imprimer de l’énergie à un lubrifiant disposé à
l’intérieur du second assemblage de pont (16)
en engageant de façon sélective l’embrayage
de pont (668).
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